CVO 2006/ 104612 PCT/ CS2006/ 006543 METHOD FOR CONTROLLI NG NO, EM SSIONS I N
THE FCCU FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to NG
reducti on conpositions and the nethod of use thereof to reduce NO

em ssions i ﬁ%&ﬂﬁgg processes, and specifically in flubg aﬁﬁ%@&%kb
cracki ng (Fg%i processes. In particular, the present |nven ion relates to
NO, reduction conpositions and processes for reduci ng NO emn ssions

rel eased froma FCC unit (FCCU) regeneration zone operating under a

het er ogeneous conbusti on node during a FCC process. BACKGROUND OF THE

| NVENTI ON [ 0002] An increased concern about air pol lution fromindustrial

em ssions of noxious oxides of nitrogen, fur_and carbon have |ed
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nore of such pollutants. Clearly, the trend is in the direction of

i ncreasingly stringent restrictions [ 00031 NO,, or oxides of nitrogen, in
flue gas SirldaRe 14 INY, 9 FCC regenerators is a pervasive problem
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al |l FCCUs I ocessin en con ain can have NO, 1,.SSi ons
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cracking z and a catal yst regeneration zone. During regeneration, coke
fromthe 8?@%@Pﬂ feaction deposits on the catalyst particles and is renoved
at elevated tenperatures by oxidation with oxygen containing gases such as
air. The _reanaI of coke deposits restores the activity of the catalyst
particl es B4 ! QE JREINVENHON an pe reused in the cracki ng reaction.
The coke neymyal ml%&eas%d B&IcEQBBE a@f\@nu@on wrﬁlﬁqdhangeengis@wgﬁ&l&@ndl tions.

At the mninmum there is typically at |east enough
oxides of nitrogen, sulfur and carbon have led governmental authorities to place limits on

allowable emissions of one or more of such pollutants. Clearly, the trend is in the
direction of increasingly stringent restrictions.

[0003]  NO,, or oxides of nitrogen, in flue gas streams exiting from FCC regenerators
is a pervasive problem. FCCUs process hydrocarbon feeds containing nitrogen
compounds, a portion of which is contained in the coke on the catalyst as it enters the
regenerator. Some of this coke nitrogen is eventually converted into NOy emissions,
either in the FCC regenerator or in a downstream CO boiler. Thus all FCCUs processing
nitrogen-containing: feeds can have a NO, emissions problem due to catalyst
regeneration.

[0004] In a FCC process, catalyst particles or inventory are repeatedly circulated
between a catalytic cracking zone and a catalyst regeneration zone. During regeneration,
coke from the cracking reaction deposits on the catalyst particles and is removed at
elevated temperatures by oxidation with oxygen containing gases such as air. The
removal of coke deposits restores the activity of the catalyst particles to the point where
they can be reused in the cracking reaction. The coke removal step is performed over a
wide range of oxygen conditions. At the minimum, there is typically at least enough

oxygen to convert essentially all of the coke made to CO and H,O. At the maximum, the



oxygen to convert essentially all of the coke made to CO and H2O. At the
maxi mum the WD 2006/ 104612 PCT/ 15S2006/ 006543 anopunt of oxygen avail abl e
is equal to or greater than the anobunt necessary to oxidize essentially all
of the coke to CO2 and H20 10005] In a FCCU operating with sufficient air to
convert 9‘2 éht 1@6% all of the coke on the catalyst tﬂb%o@s&b‘a 420 the gas
ef fl uent e regenerator will contain "excess oxygen" ?typl cally
0.5 to 4% of total off gas). This conbustion node of operation is usually
called "conplete burn” or "full burn". Wen the FCCU regenerator is
operating in full burn node, the conditions in the regenerator are for the
nost part oxidizing, That is, there is at |east enough oxygen to convert

(burn) all reduced ga hase s eci es mmoni a, H regardl ess of
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pol | ut aBbencfa@ROtuddENith the off gas. The amount of coke nitrogen converted to NOy as

opposed to molecular nitrogen depends on the design, conditions and operation of the

FCCU, and especially of the regenerator, but typically the majority of coke nitrogen exits

the regenerator as molecular nitrogen.

[0006] On the other hand, when the amount of air added to the FCCU regenerator is

insufficient to fully oxidize the coke on the cracking catalyst to CO, and H,O, some of

the coke remains on the catalyst, while a significant portion of the coke carbon burned is

oxidized only to CO. In FCCUs operating in this fashion, oxygen may or may not be

present in the regenerator off gas. However, should any oxygen be present in the

regenerator off gas, it is typically not enough to convert all of the CO in the gas stream to

CO; according to the chemical stoichiometry of
CO + 14 0,—>CO,
This mode of operation is usually called “partial burn.” When a FCCU regenerator is

operating in partial burn mode, the CO produced, a known pollutant, cannot be

discharged untreated to the atmosphere. To remove the CO from the regenerator off gas



di scharged untreated to the atnosphere. To renove the CO fromthe
regenerator off gas 2 WO 2006/104612 PCT/us200610065-43 and realize the
benefits of recovering the heat associated with burning it, refiners
typically burn the COin the regenerator off gas with the assi stance of
added fuel wokosi/ro4éim a burner usually referred to as "t RET/ODRbGIBB". The
heat recovered by burning the CO is used to generate steam [0007] Wen the
regenerator is operating in partial burn, the conditions in the

regenerator, where the oxygen added with air has been depleted and CO
concentration has built up, are reducing. That is, there is not enough
oxygen to convert/burn all reduced species regardless if sonme oxygen is

actual ly sid ldalipy emeBdnefiln6ierecbLiRg the GBE Iss@N8es W@ Bimibbet, Nictiiggen in the
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oxygen cagpddRs”, buiiflesi o wihikd 0 im@asia aMtHCR! GasestouaR st B0, e alsegener at or
are actually operatlng under oxidi zing conditions. |In such case, while gas
phase reddEedt i t'Fogeh! Byacresscehodient Vi thess pdcpch DiIREeTOTPEClgRad e
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this NO is not converted in the CO er and ds up being emtted to the
at nospher &Ox, which is then emitted to the atmosphere. This NO, along thh any “thermal” NOy

formed in the CO boiler burner by oxidizing atmospheric Ny constitute the total NO,
emissions of the FCCU operating in a partial or incomplete combustion mode.

[0008] FCCU regenerators may also be designed and operated in an “incomplete
burn” mode intermediate between full burn and partial burn modes. An example of such
an intermediate regime occurs when enough CO is generated in the FCCU regenerator to
require the use of a CO boiler, but because the amounts of air added are large enough to
bring the unit close to full burn operation mode, significant amounts of oxygen can be
found in the off gas and large sections of the regenerator are actually operating under
oxidizing conditions. In such case, while gas phase reduced nitrogen species can still be
found in the off gas, significant amounts of NOy may also be present. In most cases a
majority of this NOy is not converted in the CO boiler and ends up being emitted to the
atmosphere.

[0009] Yet another combustion mode of operating a FCCU is nominally in full burn
with relatively low amounts of excess oxygen and/or inefficient mixing of air with coked

catalyst. In this case, large sections of the regenerator may be under reducing conditions



[ 0009] Yet another conmbustion node of operating a FCCU is nomnally in ful
burn wth relatively | ow anounts of excess oxygen and/or inefficient m xing
of air wwth coked catalyst. In this case, |arge sections of the regenerator
may be under reducing conditions 3 WO 2006/ 104612 PCT/1TS2006/ 006543 even
if the regenerator_ is nomnally oxidizing. Under thes I.tions, reduced
nitrogen‘ggﬁgéﬂgﬁl%ay be found in the regenerator offﬁgggﬁg?%%@6V$th NO, , .

[ 0010] Where both oxidizing and reduci ng regions exist sinultaneously within
the FCCU regeneration zone, heterogeneous nodes of conbustion nay devel op.
For exanple, as the operation conditions within a FCCU regenerator
approaches the transition point between full and partial burn (or

i nconpl ete burn) conbustion nodes oxi di zi ng and reduci ng regi ons may exi st
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oxidizing areas) may not have sufficient time to react with gases from other areas and

produce a flue gas having the expected composition for the nominal mode of operation of

the regenerator. As a result, the flue gas will contain both oxidized and reduced species.

[0011] Some regenerators are mainly a large vessel containing the fluidized catalyst

being regenerated, while others employ advanced designs to improve -catalyst

regeneration and the mixing efficiency of coked catalyst and air, or to allow the burning

of more coke without overheating the regenerator. Additional complexity is introduced

by the different air grid designs employed for air distribution, and the various

catalyst/flue gas separation system designs used. The design of the regenerator, the mode

of operation, the wear and tear of the equipment during operation, the type and location

of the air distribution device (air ring), the fluidized catalyst bed (dense phase bed level),

and other factors result in commercial regenerators which often have heterogeneous

modes of combustion. The heterogeneity may be in the mixing of coked catalyst coming

from the stripper and its distribution throughout the vessel, especially in the angular

dimension. Alternatively, the heterogeneity may be in the mixing of air with the catalyst.

The result can be a heterogeneous coke distribution on the cracking catalyst inventory



of the air distribution device (air ring), the fluidized catal yst bed (dense
phase bed |l evel), and other factors result in conmercial regenerators which
of ten have heterogeneous nodes of conbustion. The heterogeneity nmay be in
the m xi ng catalyst comng fromthe stripper i bution
throughout‘?ﬁé&Véggé especially in the angul ar d|nen?Qgﬂh%ipﬁg?%gtlvely,
the heterogeneity may be in the mxing of air wwth the catalyst. The result
can be a heterogeneous coke distribution on the cracking catalyst inventory
4 WD 2006/ 104612 PCl' 1US2006/ 006543 bei ng regenerated and/or a

het er ogeneous conposition of the gas phase throughout the regenerator. Al
these heterogeneities may occur sinultaneously. In this respect the depth
of the cdteallgyggena@me}eﬂnﬁyﬁaééle%uzew&lﬁémmswon)of\ﬁ@r sahetrethefivahet éhe of t he
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i ncr easedugatieibyedocity ahbloged, biughet JTQases teb@healss bddnedyerse:. baak upr essure and
i npact the glstrlbutlon of, both spen éatalé§t and air throughout the
regener atGp i SEJsts Fb@iZTfﬁﬁV?%QVNQ;e & re8lgbie 8t 28 SnERILIPYN T5#8s may al so

exi st in RriEEw begeRBbRS, AR alZANBy GRRRE hS eshtf wﬁy kﬁelsﬁﬁmnﬁrwﬁwsﬁ iple
regeneration vessels. In this case, the cat al yst eneration zone consists

of two orafuieeesr eydies Mdrvalresarplso %éhrlo%ea%bw% lefiopetughitily in a
di fferentcﬁ%ﬁtwagfe% %gﬁre%rure eﬁlbtlﬁgmwe‘ﬁ% 886 Br FROENG! é’afta@yrst ayfgsel may

have cat al’'yst and/or gas mal di stribution an i ndependently operate in a
heterogeﬂ@ﬁ@gunﬁd@lﬁﬁﬂ@@mbW§ﬁﬂon Typically, in these types of regeneration

zones, ¢ MR 2CKig, CRAbIGLALYEIRNN, |6l e A0 tion anacvgpsel Lo the

ot her n on Tiser fromthe first
st age mayrepenefagidn Emeaoalpsmdoﬂduﬁwmze or ow tlple regeneration vessels In this case,

the catalyst regeneration zone consists of two or more regenerator vessels, each one
optionally operating in a different combustion mode or, alternatively each regenerator
vessel may have catalyst and/or gas maldistribution and independently operate in a
heterogeneous mode of combustion. Typically, in these types of regeneration zones, the
cracking catalyst inventory is circulated from one vessel to the other and then on to the
riser and stripper. The flue gas from the first stage may be fed into a second stage, or
alternatively, sent downstream.

[0013] Afterburn is a clear evidence of a regeneration zone suffering from
combustion heterogeneities. FCCU operators typically attempt to minimize afterburn
with the addition of CO combustion promoters to the unit to facilitate the oxidation of
CO in the dense bed. The CO combustion promoter compositions are typically added to
the FCCU unit either as a separate particle additive or as an integral component of the
cracking catalyst. Thus, use of a CO combustion promoter to control afterburn is another

evidence of a regeneration zone suffering from combustion heterogeneities.



alternatively, sent downstream [0013] Afterburn is a clear evidence of a
regeneration zone suffering from conbustion heterogeneities. FCCU operators
typically attenpt to mnimze afterburn wth the addition of CO conbustion
pronoters to the unit to facilitate the oxidation of COin the dense bed.
The CO conbustion gronnter conpositions are typically sﬁo%ﬂm «pe FCCU
uni t eit &P 2481888 narate particle additive or as an integral conponent of
the cracking catalyst. Thus, use of a CO conbustion pronoter to control
afterburn is another evidence of a regeneration zone suffering from
conmbusti on heterogeneities. 5 WO 2006/104612 PCT/ US2006/ 006543 [0014]
Combustion heterogeneities caused by catalyst or gas maldistribution may

al so be eV|dent when both 02 and CO are detected in the regenerator

ef f | uen®04tor Gembustion Gaiesegeneiics (papsef |DYReRaly e 08 8% MIFHOYHRE PPYie gas of

equal Od’sog?feee@ﬁc%ﬁt Whabdh dYandeefe¢ adbed 1ﬁqwleg&fexa%1%@ﬁ®ht thanins 3% nost
preferred equal or greater than 0.5% and CO of at least 100 ppm
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0.1% CqdOnp;;nh%1éﬂsﬂdﬁly%5{ea5p5@gﬁlﬁ Q{dym%t ﬂr&@ﬁéd a. éefé({ 2 I=n Regkeraied at |east

1% any amount of excess gas, preferably, nmore than 0.05%
nmost prieflieate élept ey eeg@rrrﬁaﬁmowl%fem@ ﬁvlindéﬁélétl@ﬂtlonrraF@‘ wititsj dpgtatiog.in [ 0015]
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tenperatures in.the regene r at v t he dense _bed, the
dilute %ﬁaggf”gﬂ% &y W%ég&%ﬁemﬁﬁeﬂﬁ lfgﬂnﬁgég @f *aNd®8EFh@Ad, and t he
flue gagaRisRButidn.t enperature difference between any tenperature neasurenent
poi nt above the dense bed and the average dense bed tenperature of 10 IF,
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tenperature gradi ent across the axial

or gas maldistribution. FCCU operators typically measure temperatures in the regenerator
at various points in the dense bed, the dilute phase, the cyclones, the plenum (if present)
and overhead, and the flue gas pipe. A temperature difference between any temperature
measurement point above the dense bed and the average dense bed temperature of 10 °F,
preferably 20 °F, most preferred 30 °F is evidence of maldistribution or heterogeneity
existing in the regenerator. In the alternative, a temperature gradient across the axial
dimension at any point above the air grid of 10 °F, preferably 20 °F, most preferably 20
OF is evidence of maldistribution or heterogeneity in the regenerator.

[0016] Attempts to control NO, released from a regeneration zone having
heterogeneous combustion modes have included adjusting operation conditions of the
FCCU during a FCC process. For example, U.S. Patent Nos. 5,268,089 and 5,382,352
disclose reducing NO, emissions by operating close to the point of transition between full
and partial burn mode (i.e., incomplete combustion mode, or full burn with low excess
0,). It is believed that this mode of operation allows NO, formed in oxidizing sections

of the regenerator, and reduced nitrogen species, e.g. NHj, formed in reducing sections of

the regenerator to react with each other effectively reducing NO, emissions. However,



di rension at any point above the air grid of 10 IF, preferably 20 |IF, nost
preferably 30 OF is evidence of maldistribution or heterogeneity in the
regenerator, [0016] Attenpts to control NO released froma regeneration

zone havi ng_ het er ogeneous conbusti on nodes have i ncl ude ' '
operation cgﬁH$W?Wﬁ§§of the FCCU during a FCC process. Egﬁggggﬁ%ﬁg? UusS

Pat ent Nos. 5, 268,089 and 5, 382,352 disclose reducing NO em ssions by
operating close to the point of transition between full and partial burn
node (i.e., inconplete conbustion node, or full burn with | ow excess 02).

It is believed that this node of operation allows NO formed in oxidizing
sections of the regenerator, and reduced nitrogen species, e.g. NH3, forned
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and any r@ﬂu&@ﬁﬂﬂ@t&@gﬁﬂ;&@@ﬁh@ﬁmoﬂeft is converted to NOx in a downstream
CO boiler and is enmtted as NOT along with any unreacted NOT escaping the
regenerat@HH7IOO§$$n£eVé$@Weaﬁdm@mW%mcbﬂpobmml@n$0ﬁdvénbe@hcmgoH65ed for
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burn conbushpsnion®daich@ne h&bﬁﬂdblh@ihtrhlaﬂgl NGYJ. eSussBﬂts &t NeCCE), r@@@neﬁ&ﬁ

di scl oses additive c osi tjons mhlch are { L_ the contraol of NO
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combust i ORiEPES addinee @eliokitéBs wEiORe SkdriBSthacsPbi S0, BEsibedtah hon by
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reported for use to COI’]tI’O Nb, em ssions released froma regener ation
zone oper amqlwglauﬁd@@geneb@fp@gélmo@gt the partial or incomplete combustion mode

regenerator and are converted to NOy in a downstream CO boiler.

[0018] Additive compositions have not been reported for use to control NOy
emissions released from a FCCU regeneration zone operating under heterogeneous
combustion modes. Clearly, the use of additives under such conditions presents a
particularly difficult challenge to the FCCU operator for several reasons. First, since
additive compositions are typically circulated throughout the entire FCCU, the additives
will be subjected to various combustion conditions. Secondly, each combustion mode
requires a different chemistry to reduce NOy emissions released from a FCCU
regeneration zone operating under heterogeneous combustion conditions during a FCC
process. Thirdly, an additive suited for reducing emissions under one combustion regime
may be ineffective under another combustion regime and may even promote an increase
of NO, emissions under the other combustion regime,

[0019] Consequently, there exists a need in the refining industry for improved
processes for reducing NO, emissions released from a FCCU regeneration zone operating
under heterogeneous combustion modes during a FCC process, which processes are

simple and effective.



conbustion nodes, Clearly, the use of additives under such conditions
presents a particularly difficult challenge to the FCCU operator for
several reasons, First, since additive conpositions are typically

circul ated throughout the entire FCCU, the additives wll be subjected to
various cQpHs lh%n condi tions. Secondly, each conbustigny, P& 0kHgUi res a
different chemstry to reduce NOT em ssions released froma FCCU
regenerati on zone operating under heterogeneous conbustion conditions during
a FCC process. Thirdly, an additive suited for reduci ng em ssions under one
conbustion reginme my be ineffective under another conbustion regi ne and
may even pronbte an increase of NO, em ssions under the other conbustion
regi ne. [0019] Consequently, there exists a need in the refining industry
for inmproved processes for reducing NO em ssions released froma FCCU
regener MO Y 0OF OPEDAYVERTIONNder het er ogeneous conbusti on nodes during a
FCC process, which processes are npl e .and effective. 7 WD 2006/ 104612
PCTF uS200880 006 523esseommARYe EFSWHE‘VF’N\?EMW'@N indepdiscomsy elspuhe®idf t he
present cdn{b\éﬁﬂéﬂs%uﬂ?%Q@ﬁablé’oftﬂéﬁlg@léﬁgﬁ@[Wo%oﬂﬁaarﬁﬁlg‘dg %yﬁc cGOARPSi tions

whi ch are capabl e of being circul'ated throughout a fluid catalytic cracking
uni t (POIUFCALGnipnaivih thaerackiaglertalystoaraatysto simubaiconsy mjmmlw ¢ aneousl y

m ni m Zé‘onEeHF f Fe%me%%u&gen &H&eg%a}‘lrﬁg%ﬁ PRENGS, pr%seﬂ ﬁf s HCN. - and NO,
present 1n th as regeneration zone when 1 regener at or
i's opera&@d FQﬂér¢g@h@atmgpemou&henrﬁ)deeggﬁel@tomu@ielm mAai\hawt@gwusl Y,

processes, of i nvent i ff d |enC| es far .0xi dati on of
reducedmOd roégcehnbgsbleoéll esRcEVraé]%s(gnc{ ]ityh %essfsggl oﬁlg’ RS e?‘}él e(ra;he1 1>e(1tor

oper at i effjcieindiarfor éﬂmmdagom@lﬁda:ducmnmtrmgml@ecs«':snmbieanenﬂnslryglmmzfethé| ng NO, to

N2 in regions of the regenerator erat oxidizin ditions.
Loont) " FReERRy Phsit GrErT e e fosaREL b R haRty ot B det on
conposi Nh mrthmns\mitfehemmafm SPerhi)g Latielloaalsztmg)dmdm@ﬁmonent having the ability
to conv | ecul ni trogfn under o d| z ucgo conditions and (b) at

| east o Qgﬂom@ﬁéﬁggﬂﬁel‘&ﬁ theBroggss Pi g “lVS’mO“ o compositions,

which comprise (a) at least one component having the ability to convert NOy to molecular

nitrogen under oxidizing conditions and (b) at least one component having the ability to
convert gas phase reduced nitrogen species under reducing conditions, are circulated
along with the FCC cracking catalyst inventory during a FCC process. The NOy
reduction composiﬁons may be used either as an integral part of the FCC catalyst
particles or as separate particle additives. In one embodiment of the invention, the NOy
reduction compositions are used as separate particulate additives and are circulated along
with the circulating FCC catalyst inventory. In a preferred embodiment of the invention,
components of the NOy reduction compositions are added to the circulating catalyst
inventory independently as separate particles.

[0022] Accordingly, it is an advantage of this invention to provide FCC processes for
the reduction of the content of NOy in the off gas released from a FCCU regeneration
zone operating in a heterogeneous combustion mode during a FCC process.

[0023] It is also an advantage of this invention to provide FCC processes for the
reduction of NOy emissions from a FCCU regeneration zone operating in heterogeneous
modes of combustion by simultaneously minimizing the amount of reduced nitrogen

species and NOy emitted from the regeneration zone during a FCC process.



convert gas phase reduced nitrogen species under reducing conditions, are
circulated along with the FCC cracking catal yst inventory during a FCC
process. The NO, reduction conpositions may be used either as an integral
part of the FCC catalyst particles or as separate particle additives. In
one enbodi me¥® 2WF/144/E i nvention, the NO, reduction conpd$iT{isaes/0ess€ used as
separate particulate additives and are circulated along wth the
circulating FCC catal yst inventory. In a preferred enbodi ment of the

i nvention, conponents of the NO reduction conpositions are added to the
circulating catalyst inventory independently as separate particles. [0022]
Accordingly, it is an advantage of this invention to provide FCC processes
for the yodycti ano@br 4RBnGRNSEME iRfenD isl B FrH8IOFECIRSLLL @R3@Tat r om a FCCU
regeneration zone operating in a heterogeneous conbustion node during a FCC
process. FoPsg 19 PKW%P%G AR ARiTe %Bf 1o Hpdicp Mnt’lleﬁﬁﬁ” i 2pfeli de FCC
processes J,Qedifd8 Zoﬁéag&%tln%rfn AN RIS §oBO S g& %L{t %‘?&%gt lon zone
operating |n het er ogeneous es of conbustion y “si'mil t aneous| y mnimzing
t he armuntheovﬁocwém@ctlth@w@g@wed@p@@lt@geramuqueeanytqoe@ustmnnmen

regener at i g a FCC process. 8 WD 2006/ 104612 PCTII1S2006/ 006543
[ 0024] Anggﬁggﬁpg§§%%%ﬂe of the invention is to provide FCC processes which
are effefili29le t@1@xkdazedwmdgeeﬂmnmmﬁagwmwsmacmesowmﬁFGG}x@ﬁuﬁeﬁmo pr esent
in a FCCU el € e&grat' zgngio$ r@tlng b? eet?QP epequs qF of combustion
wi t hout i Agr SREFHRG O% AL pPBHHRRY dis™of Bt HeFeeRRS™ 08 “PEREH™Ri Pr Bgen
speci es uhéeenhgaryuscormdusionanderdetd nuitifiegeFCGllltige enereaadtion . vedB@25thel t is al so
an advantage of . the present invention to provide FCC processes for the
reductlon‘%$”Wﬁ%méHW£sions froma FCCU regeneration zone operating in a

het er ogengmzg] compiisiioaidr nmEiercsiee of Qhifuhldnsbade tor ﬂd&lm;ﬁm&@gm@r ation
vessels in the regeneration zone, [0026] Yet anot advantagg of this

i nvent i on Presesses {1 ole deducip o OFewmitiegy i§cibe 5k gﬁwel@aﬁ%d feguét i gnlof NO
em tted i Redeh@aiBf fpelify (SdefASEM o fdeOiP Bt Hdh conditions.

[0027] These and other aspects of the present invention are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] FIG. 1 is a graphic representation of NO conversion in the RTU where NO

reacts with CO at various levels of oxygen in a reactor feed in the presence of Additive B.
[0029]  FIG. 2 is a graphic representation of NO conversion in the RTU where NO
reacts with CO at various levels of oXygen in a reactor feed in the presence of Additive F.
[0030]  FIG. 3 is a graphic representation of ammonia reduction in the RTU where
ammonia reacts with CO at various levels of oxygen in a reactor feed in the presence of
Additive G.

[0031] FIG. 4 is a graphic representation of ammonia conversion to NO in the RTU
where ammonia reacts with CO at various levels of oxygen in a reactor feed in the
presence of Additive G.

[0032] FIG. 5 is a graphic representation of ammonia conversion in the RTU where
ammonia reacts with CO at various levels of oxygen in a reactor feed in the presence of
Additive .



regenerator operating under heterogeneous conbustion conditions. [0027]
These and ot her aspects of the present invention are described in further
detail below BRIEF DESCRI PTION OF THE DRAWNGS [0028] FIG | is a graphic
representation of NO conversion in the RTU where NO reacts with CO at
various |l evels of oxygen in a reactor feed in the Pr esgNG jtive B.

[ 0029] FIVEY 206 graphi c representation of NO converS|o§nﬁ%m@%giRTU wher e
NO reacts with CO at various |levels of oxygen in a reactor feed in the
presence of Additive F. [0030] FIG 3 is a graphic representation of
amoni a reduction in the RTU where ammonia reacts with CO at various |evels
of oxygen in a reactor feed in the presence of Additive G [0031] FIG 4 is
a graphic representation of ammonia conversion to NOin the RTU where
ammoni d'Bdhct F1G 6 is Teyaphic yepresetidtiqnerfanynagfa erygaian thNY nebeREE feed in the
pr esenc@eRf aAddhihi ¥&tGwith 32l vEidas 18velSoRoBeBPM G LERECRENLRLION of amoDni a
conversion in the RTU where ammonia reacts wth CO at various |evels of
oxygen prasergepédddisve feed in the presence of Additive |. 9 WD 2006/ 104612
PCT/ US 006543~ : . FJ ks ' j ammoni a
conver i@%ﬁ{ t oqﬁ% |7r§£ tg%g&kﬁcdeﬁe e@?&%%@@ﬁ%@ﬁggfmﬁfElte%[gtrevh\%geri ous |evels
of oxygemadnin magtewth 610 fteadoisnetdteot pyemanaeeamtor Ackdi initheepesenfd@B34] FIG 7 is
a grap@kﬁ%ag esentation of ammonia reduction in the RTIJ where anmonia
reacts ‘Wth at various levels of oxygen in a reactor feed in the presence
of Addoa3sye KIG[ 0035 praphiGrepBesegationgrfaptania eprasient@Nicon thé Ravoni a

conversi,on to NQin the, wher. e ni reacts wth t various |evels
o oy QU HPmoma B ML b s TTCe b et R Radei iR In The
presence of Additive K. :

DETAILED DESCRIPTION OF THE INVENTION

[0036] For purposes of this invention, the term “NO,” is used herein to represent
oxides of nitrogen, e.g. nitric oxide (NO) and nitrogen dioxide (NO.), the principal
noxious oxides of nitrogen, as well as NoOy4, N2O5 and mixtures thereof,

[0037] The term “reduced nitrogen species” is used herein to indicate any gas phase
species formed in the regenerator of a FCCU during a FCC process which gas phase
species contain a nitrogen atom having a nominal charge of less than zero. Examples of
reduced nitrogen species include, but are not limited to, ammonia (NHs), hydrogen
cyanide (HCN), and the like.

[0038] The term “reduced sulfur species” is used here to indicate any species formed
in the regenerator of a FCCU during a FCC process which species contains a sulfur
having a nominal charge of less than zero. Examples of gas phase reduced sulfur species
include, but are not limited to, H,S, COS, and the like,

[0039] The term “oxidizing conditions” is used here to describe the reaction
conditions in an area of a FCCU regenerator where oxygen is present in sufficient
amounts to fully oxidize any reduced species present (e.g., CO, NH;, HCN, H;S, COS,

gas phase hydrocarbons) according to the applicable stoichiometric reaction, e.g.,

CO+ ]/2 Oz——)COz
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0036] For purposes of this invention,
the term"NO ," is used herein to represent oxides of nitrogen, e.g. nitric
oxi de (NO and nitrogen dioxide (NQ2), the principal noxious oxides of
nitrogen, as well as N204, N205 and m xtures thereof, % é}lﬁﬁ
"reduced n.F%bﬂ%ﬂ“%ﬁ%c.es" is used herein to indicate an% S T species
formed in the regenerator of a FCCU during a FCC process which gas phase
species contain a nitrogen atom having a nom nal charge of |ess than zero.
Exanpl es of reduced nitrogen species include, but are not limted to,
annDnia (NH3), hydrogen cyanide (HCN), and the like, [0038] The term
"reduced sul fur species" is used here to indicate any species forned in the
regenerator of a FCCU duNthg #2 Pee2PPotddd whi ch species contains a sul fur

havi ng a nomi nal charge 4 e Z npl es of gas phase reduced
sul fur species include, ?%E& Z&ggﬁ%pcﬁﬁaf?e§¥6 H2S, COS, and the liKke,

[ 0039] The tern1"oxidiz&ﬁ@+dﬂhdbb@@@%¥hbs used here to describe the reaction
conditions in an area of F enerat or where oxygen i s present in
sufficient anmounts to ﬁﬁ? 6&?6* %~Bﬁ§2reduced species present (e.g., CO

NH3, HON, H2S, carp GRS o?-ft%% ydrQsRBAeS) iAREoEALAG O, bAS applicabl e

stoichionetric feactlion, 4612

PCT/ US2006/ 006543 2NH3 + 5/2 02-*2NO + 31420 2HCN + 7/202- 2CO2+2NO + H20
H2S + 3/2 02--*S02 + H20 COs + 3/2 02- *C02 + S02 Hydrocarbon + 02- *C02
+H20 (stoichionetry is specific to hydrocarbon) regardless of whether this
actual | y happénsofiwhéthg thihectnadsi idgpae dtniul@the)ﬁestdQE&etllﬁ@ef:iheﬁ speciestihe
regener at

ger %r_eV@ile.cggﬁ on, t@F c&a Ki n gata 4 ahredu ant MG|ch can be
oxt di zed ToyeuRyatn PTet sansn it Qo afiriah SEg et i ect 1y over
the addi t iby &x@@IROSOLor D, it is not available to react directly over the additive composmon

like gas phase species are able to do. Thus, coke in-of-itself is not directly included in

the reductants considered to define oxidizing conditions.

[0040] The term “reducing conditions” is used here to indicate the reaction conditions

in an area of a FCCU regenerator where oxygen is not present in sufficient amounts to

fully oxidize all reduced species present (e.g., CO, NHj, HCN, H,S, COS, gas phase

hydrocarbons) according to the applicable stoichiometric reaction, regardless of whether

this actually could happen during the residence time of these species in the regenerator.

While coke on the cracking catalyst is a reductant which can be oxidized by oxygen to

CO or COs, it is not available to react directly over the additive composition like gas

phase species are able to do. Thus, coke in-of-itself is not directly included in the

reductants considered to define reducing conditions.

[0041] The term “heterogeneous combustion mode” is used herein to indicate a

condition within a FCCU regeneration zone where non-homogeneous regions of

oxidizing or reducing conditions exist in the regeneration zone during a FCC process.

Typically, such heterogeneous conditions are caused by catalyst or air/gas maldistribution

or heterogeneity within the regeneration zone.

[0042]  The term “catalyst maldistribution or heterogeneity” is used herein to indicate

a condition in a FCCU regenerator where the coke content of the catalyst particles in the
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| i ke gas phase species are able to do. Thus, coke in-of-itself is not
directly included in the reductants considered to define oxidizing
conditions. [00401 The term "reducing conditions" is used here to indicate
the reaction conditions in an area of a FCCU regenerator where oxygen is

not pres icient anounts to hilly oxidize al) eduGcadsSpeci es
pr esent ?EBZ&QU%%EJNH3, HCN, 1-12S, COS, gas phase hy ré@%r%@ﬁ§3 accordi ng

to the applicable stoichionetric reaction, regardless of whether this
actual ly coul d happen during the residence time of these species in the
regenerator. \Wile coke on the cracking catalyst is a reductant which can
be oxidi zed by oxygen to CO or 02, is not available to react directly

t
over the addjtive osition I| hase specjes are able to do. Thus,
Cure | ool o Fe SRRl Bt g R e R b i baR e et der el Lo

define1ﬁ@ﬁu@ungxgo&&mhm@m&ﬁﬂ&Qegiha%he term "het er ogeneous conbusti on node"
i's used herein to indicate a condition within a FCCU regeneration zone

wher e Wﬁﬁonﬁﬁeﬂéﬁﬁ g%EE?@HﬁﬂﬁWonﬁ&ﬁﬁﬁfgﬁﬁn is e9a dicHgic AR ons exi st i n

the reggnafiat i FEODG e LHEMLRY vWRAeRETIRI QS 658 in d Ty@te%éaﬁela%w& gt er ogeneous
conditions are caused by catalyst or air/gas maldistfibution or

het er ogégrapieipr wesshl for mhétl-ﬁ@gerﬁeﬁwat@m woae, Q0404 Stheardesn phostt al yst
mal di Stl%&d%ﬁ éep%&e%refﬁ%{ &5199%3@{1& {mm ackky%??lae*}?&a'd? &R h’ﬁ%géﬁs of e Ccondition in

a FCCU regenerator where co ontent of the catal yst particles in the
11 V[)Z@@ﬁﬁ@@M612 PCT/ US2006/ 006543 regenerator, or each regenerator vessel

for béf tagg . &AeReRALILS i u?eéigkge%ﬁiﬁl%g&{égteaﬁwobumlri,}%l gl g dlkg‘lf}h ona)(;lr al

dlnen3|%ns of e regenerator. erm
het er ogenes twhen iGO ms@d) Jhesc®pitgthentheabed &f flddined tiaoking ratalysiCedihg egener at or
ach,. re enerator vessel

For multiedasdotrdoanabuiid, 5 ghe B0 Sk B PalgnbaleRete educed
speci esimadediaftDt alibive tiel detscestd Uil ftOpiEsy), M6 aSonck Miefethi@ine@tatdydiad di mensi ons
of the regenperat 0044 The ter fterbyrn" is used herein to indicate
t he burfPhge (SS @égwfilpé 8as, tl e plenum, over % above the cyclones, or even the flue

gas pipe. Afterburn is measured as the difference between any of the temperatures

measured after the regenerator dense bed, or the average of all or any group of such

temperatures measured (e.g., dilute phase, cyclone, plenum, overhead, or flue gas

temperatures and the like) minus any of the dense bed temperatures or the average of all

or any group of dense bed temperatures measured.

[0045]  For purposes of this invention, the terms “regenerator” and “regeneration

zone” are used interchangeably.

[0046] In accordance with the present invention, the content of NOy emitted during a

FCC process from a FCCU regeneration zone operating under a heterogeneous mode of

combustion is effectively brought to a lower and more acceptable level by simultaneously

controlling the amount of reduced nitrogen species and NOy emissions present in the flue

gas released from the regeneration zone. This simultaneous control is accomplished by

contacting the circulating cracking catalyst inventory during a FCC process with a NOy

reduction composition comprising (1) at least one reduced nitrogen species component

having the ability to reduce the content of reduced nitrogen species by converting the

reduced nitrogen species to molecular nitrogen under reducing conditions and (2) at least

one NOy reduction component having the ability to reduce the content of NOy emissions
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occurs when CO and 02 escaping the dense bed of fluidized cracking catalyst
being regenerated react at any point above the dense catal yst bed,
including the area immedi ately above the dense bed (dilute phase), the
cyclones where entrained catalyst is separated fromthe . Lhe
pl enum ovel' R4 dtd%e t he cycl ones, or even the flue g‘é@”ﬁ?&?g"?"%ﬁﬁer burn
is measured as the difference between any of the tenperatures neasured
after the regenerator dense bed, or the average of all or any group of such
tenperatures neasured (e.g., dilute phase, cyclone, plenum overhead, or
flue gas tenperatures and the like) m nus any of the dense bed tenperatures
or the average of all or any group of dense bed tenperatures neasured.

[ 0045] Fovndsuppdietg corditigliss If iseanimperiant feasire ef Wi invegieon sieathsrredusad

"regener at . ) ed. 4 h I C e with the
present i Frlllit/lg%tnl %D(r%agst ﬁ%agogﬁﬁteﬁltd @% %N%??egrgn&@ e%n}?%??ﬁgk a{w%% 1%?%@@@ s froma
FCCU r egesramzsitions drore inppaseatht pgptanh déredece eitmgoygnaous Mode tlefFC@onbust i on
is effect] [o] I re . evel by

si mul tane%égli%atgégﬁ%g %]F%liarrllgWoﬁggg@&%ft@fﬁ%@éggggapﬁ‘%ct%?%gen speci es and NOR
em ssi onsQinEsentoi convhrgerfck,uble pgasit hinlest@siedillf reodastrived véthenéraie ana zone. Thi s

si mul t ane contral, i cconplished by cont ing the circul ati ng cracking
catal yer Thuantgy kg Srocetoutt oD herted Baud ool Boibosi 1 on
conpri si ngrafldg plocdseast theRtobiecdiutal dMdkn@geites acth agpCpMOAgnimeRavi ng t he
ability to reduce the content  of redtjced ni trggen. gpec' es C}) converting the
reduced ni't PBYERH SEp&PESIE SCIHYEBERIF At TR NS He n R EP T IBH AST MY elofidli ti ons and

(2) at |esss, re@RBoNSMp&HHHL HOMe GRS RE th@éb\éiég}@t tentdhi liid WaliRr loeduce t he
content of NO, emissions 12 WO 2006/ 104612 PCT/ US2006/ 006543 under

oxi di zi ngoReHERIMOPSoesE tvill semain yriepEEednt sSR! K satplie ey 8h that the
N O T edltT on e e Ry ey bds R R SaRrh P aced
ni trogen dpedbasinghe NEpinplnrevisw SCEenute egk Hebiat Ford Lométigriderkianyithode of
corbust oo, H] OB BCER BLERERT AOYHAL PO SO ERSRS R LS Y 296
numerous other sources such as Sadeghbeigi, Fluid Catalytic Cracking Handbook, Gulf
Publ. Co. Houston, 1995, ISBN 0-88415-290-1. Typically, the FCC catalysts consists of
a binder, usually silica, alumina, or silica-alumina, a Y type acidic zeolite active
component, one or more matrix aluminas and/or silica-aluminas, and fillers such as
kaolin clay. The Y zeolite may be present in one or more forms and may have been ultra-
stabilized and/or treated with stabilizing cations such as any of the rare earths.
[0048] Somewhat briefly, the fluid catalytic cracking process in which a heavy
hydrocarbon feedstock will be cracked to lighter products takes place by contact of the
feed in a cyclic catalyst recirculation cracking process with a circulating fluidizable
catalytic cracking catalyst inventory consisting of particles having a mean particle size of
from about 50 to about 150 um, preferably about 60 to about 100 pm. The significant
steps in the cyclic process are:
(i) the feed is catalytically cracked in a catalytic cracking zone, normally
a riser cracking zone, operating at catalytic cracking conditions by

contacting feed with a source of hot, regenerated cracking catalyst to
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FCC process al though the present cracking process could be used in any
conventional cracking process, i.e. thernofor catalytic cracking process,
Wi th appropriate adjustnments in particle size to suit the requirenents of
the process. Apart fromthe addition of the NO reduction conposition of
the invent] t catal yst inventory, the manner of operating the
process V\,i*vlgﬁroéa(gz%it‘gr?unchanged. Thus, conventional FCC cBEHU§¥PE00EY be
used, for exanple, zeolite based catalysts with a faujasite cracking
conponent as described in the semnal review by Venuto and Habi b, Fluid
Catalytic Cracking with Zeolite Catalysts, Marcel Dekker, New York 1979,

| SBN 0-8247-6870-1 as well as in nunmerous other sources such as

Sadeghbei gi, Fluid Catalytic Cracking Handbook, Gulf Publ, Co. Houston,
1995, | SBN 0- 88415-@9duct anTaffiehlcpyprititg cRaGdcpdicisasl gonisiatalzsstof  a

bi nder, usually si 'éo%?a*iniﬁééb’f?e@ﬁd stﬁépaﬁiellﬁ'yﬁt%'c?r{;&ﬁ‘, na, a Y type acidic zeolite
active conponent, one or nore nmatrix alfum nas and/or silica-alum nas, and
fillers such a§i) kamkiaffhechays disthergéd zed| sepaatayndomally ésent or rmonae or nore

forms and may have heen ultra- stabilized and/or treated w,th stabilizing
cations such as anycyc%%nf”hlgtor%\r/a %reaﬁsﬁél.c irbﬁlﬁgfg 6?1%1\%}?%{@%??“&? I“ﬁ%' the fluid
catal ytic cracki ng pirsecesgrising sptntaathlgstyy hydrocarbon feedstock will be

cracked to tighter products takes place by contact of the fe inacyclic
catal yst recir &t at P8 a%qré’i'ﬁ?en’é 15’?’8%8 % RA};‘ELW?&“C?%??W%? Ay e ]gﬁq%l zabl e

catal ytic cracki ng gahalo}sin hfdvieisescyai€0s1sd sdlimngs @f fopardab ah€siqavi ng a nean
particle size of from about 50 to about 150 m preferably about 60 to about
100 m The si gni fi cHAY<IngRrePetsiprlvdes &5@liNe process are: (i) the feed is

catal ytically guackgd shéht Batgigbtal yt?i%)ﬁed%@%ﬂ'r REth 2008, (RIBE bicluddri ser
cracking zone, operating at catalytic cracking conditions by contacting

feed with a source Bfdr¢fgroony dgainde Leklyst radek PRghciie airpeed cgalysaiswo
2006/ 104612 PCT/ 1J S&QQQ{V@@%&@@MQBQS‘?R@M@@ &f Fe%ﬁﬁ:?‘z&eqc@dm /&%}h’i‘& gracked
products and spent catal ys§t ~containing coke and strippabl e hydrocarbons;
(ii) the effluent itedirgyriat gedleaﬁrn@k'slgwnatf@oﬁl‘aqimgn@ﬁﬁy‘ quanigtiee odr nor e
feed.

[0049] Suitable feedstocks include petroleum distillates or residuals of crude oils

which, when catalytically cracked, provide either a gasoline or a gas oil product,

Synthetic feeds having boiling points of about 204 °C to about 816 °C, such as oil from

coal, tar sands or shale oil, can also be included.

[0050] Cracking conditions employed during the conversion of higher molecular

weight hydrocarbons to lower molecular weight hydrocarbons include a temperature of

480°C to about 600 °C. A catalyst to hydrocarbon weight ratio of about 1 to 100,

preferably about 3 to 20 is contemplated for hydrocarbon conversion. The average

amount of coke deposited on the surface of the catalyst is between 0.5 weight percent and

3.0 weight percent depending on of the quality of the feed, the catalyst used, and the unit

design and operation. Rapid disengagement of the hydrocarbons from the catalyst is

accomplished in a quick-stripping zone either intrinsic within the reactor or located in an

external vessel. This stripping function is performed in the presence of steam or another

inert gas at a temperature of about 480 °C to about 600 °C.

[0051]  The catalyst regeneration zone of the FCC process includes a lower dense bed

of catalyst having a temperature of about 600 °C to about 800 °C and a surmounted dilute
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Vit

cyclone, into a vapor phase rich in cracked product and a solids rich phase
conprising the spent catalyst; (iii) the vapor phase is renpbved as product
and fractionated in the FCC main colum and its associated side columms to
formgas and liquid cracking products including gasoline; (iv) the spent
catal yst i V@20p/herd, usually with steam to renove occlradamoohgesacar bons
fromthe catalyst, after which the stripped catalyst is oxidatively
regenerated to produce hot, regenerated catalyst which is then recycled to
the cracking zone for cracking further quantities of feed. [0049] Suitable
feedst ocks include petroleumdistillates or residuals of crude oils which,
when catal ytically cracked, provide either a gasoline or a gas oil product.
Synt het i gabeetsNpy ihBenPai hh GBI JHinP koAU A8 36p e alouts §46 C, such as
oil from coal, tar sands or shale oil, can also be included, [0050]

Cr acki ngkneoidint the rist, drpraigled regenradgon mmecHww eonsisho! of sikdlghemultillecul ar

wei ght h C Srt Q.40 r [ d 0 include a
tenperat%%%go SgﬂgdﬁtﬁggaggﬁWﬁgéég%¥% mggfg%%gﬂxt%gﬁgg?bggFgggtﬁgight ratio
of about regertertiv0@one. Phedf ispathbrynedbp avnvBniamal@edns, molntefop batrgde, iong hydr ocar bon
conversion.. The average a nt. of .coke deposited on.the surf.ace of the
catalystg?%wggfa%%ﬁggggcﬁgﬁﬁﬁvﬁ%gfggﬁ?egﬁ’wﬁ@?anﬁéWdR%wggiégéﬁbﬁ%pending on
of the qualget i adfied hetifce egttionse ticadeateytrtl oudrdiilugnthatehef tuniegencehesh gn and
operation. Rapid di sengagenent of the hydrocarbons fromthe catalyst is
acconpl i éW&d in a quick-stripping zone either intrinsic within the reactor
OL | ocat g@ds2in ?mfelemy,emakgeneﬁa@{ zonENdomsist raf RPi1dgt Bmmf‘etgé@[’atérsve]}?ﬂ L ormed in
the presence of steamor another inert gas at _a tenperature of about 480 C
to about UG .wlp’@fosﬁ/owﬁés CRGHHHIop eigeFEles Pbrits GRE DGt hgogeoet process

i ncl udes pgrhipwenn ds088bRBdent OF 13k ALY S, tmé'%ﬁm@oﬁ QOMeE dbathied 8f m@bout 600 C
to about 800 C and a surnounted dilute 14 2006/ 104612 PCT/ US2006/ 006543
transition stage between full and partial burn conditions. It is also within the scope of the

present invention, that the regeneration zone consists of more than one regenecrator
vessels wherein each regenerator vessel is operated in a different mode of combustion, or
have catalyst and/or gas maldistribution regardless of the combustion mode of operation.

[0053] In the process of the invention at least two different and distinct
catalyst/additive compositions are used in combination to achieve the overall reduction in
the content of NO, emissions emitted from FCCUs having a regeneration zone operating
under a heterogeneous combustion mode. At least one of the catalyst/additive
compositions must be suitable for reducing NO, emissions under full burn or oxidizing
conditions without having a net result of increasing the formation of reduced nitrogen
species under any combustion condition and is hereinafter referred to as the “NOy
reduction component”. Additionally, at least one of the catalyst/additive compositions
must be able to convert reduced nitrogen species to N, under partial or incomplete burn
or reducing conditions without having a net result of increasing the formation of NOy
under any combustion condition and is hereinafter referred to as the “reduced nitrogen
species component”. It is an important feature of the present invention that the NOy
reduction component and the reduced nitrogen species component have different and

distinct compositions, e.g., do not have the same compositions.
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phase of catalyst having a tenperature of from600 C to about 800 C. As it
is well known in the art, the catal yst regeneration zone may consist of a
single or nultiple reactor vessels. In order to renove coke fromthe

catal yst, oxygen is added to the regeneration zone. This is performed by
conventiongl ﬂﬁﬂ ,such as for exanple, using a suitable s Parglng device in
the bottom of the regeneratlon zone or, if desired, addPETdR&06/0@R4Agen is
added to other sections of the dense bed or the dilute phase of the
regeneration zone. [00521 Preferably, the regeneration zone consists of at

| east one regenerator vessel having catalyst and/or gas raldistribution
regardl ess of the conbustion node of operation. In one enbodi nent of the
invention, the regeneration zone is operated at the transition stage

bet ween [005K#] a8« pedutiicn cdmepositiopnuietiil dmshe process obthsanwintibi nomm'asescope of the

present , b ﬁ!}%@&hq{‘m ghatyt Aheofra‘?%%ﬂ%hé‘hhiﬂl}aﬁ?% GOt tfog% L§y ihan one

regener ato vesse S mher I n each regenerator 'vesse op erated in a
differ erh&:astrmﬁélumﬁzarb&mbduxied onroger spehiayeorc}maﬂltymt/mgnhﬁ orrmbgwl affekdiost ri buti on
regardl es process of

hoal o abrE oL PSR HILE Ak PRttt BRE T reach SRRy Ephint (o

conposi tid bmsrogerneous%dabumo@mﬁﬁenau“ymm ltyothad.\fmemlcﬁdstec@mmnaitlusffeldiuct| on in
the content of NO, .em ﬁbons e

t
e T PrebidPan A b B S T s TR bR P Sl IRA T | he ZO"°

cat al ystijeehdl i pé6pert§ 0P BSHhE icPR&IAUDE BducEls Nab! @nikHsns’ RAUCFMY NP, , em ssions
tinder full burn or oxidizing conditions wi t hout havi ng a net result of

i ncreas |opgamr‘rge_nfftdt hwticombedtion @thde.eul ah@mmo'gbfrtle §pedirasproperthest temg combusti on
Con.dl t ! Ogl 0 conlv%rt P@;&g? R]afbg?aaqul‘t%(%[%fd & eC(%erS(fé‘ﬁ d’d(l% re'ét/cb:(tlon oef%t 1%ncxcorrponent

Addi ti ofar1y Ve Conposi tions  nust be

abl e t 0 ;&RBYEAE brds@fUg 8tk RESLABRISIPECCOS NI, N2NURH& L RBE! @keOdndl Nconpl et e
burn or reducing conditions wthout having a net result of increasing the

for mat i dire lgde, (§Dxbsoxptide pf Wiy nctblmntstwr@mr aurtinsfeote tlamdsm snherippenddrt er referred
to as the "redu tro onent". is an i ortant feature
of the b?dé‘été‘ﬁ’ttogﬁvéai %ﬂgt%ﬁ%&@l xr B0 NG cﬁﬁ%ﬁ@‘?ﬂge ace[dhe reduced
Nl tr0gen SPEr! S3.iEOTRONENt A Eafl f i e itaBRY resl St | MGhaRQAPASHL] ONS. €. 9.

do not osit
FCC full burn conditions. In addltxon, the NOy reduction component must not

significantly increase the formation of reduced nitrogen species when used in a FCCU
operating under any combustion condition, but in particular, under partial burn or
reducing conditions. That is, when used in a FCCU operating under partial burn or
reducing conditions, the NOy reduction component must not cause an increase in the
content of reduced nitrogen species in the FCCU regenerator off gas of more than 10% of
the amount of reduced nitrogen species absent the presence of the NOy reduction
component.

[0055]  One class of materials suitable for use as the NOx reduction component of the
NOx reduction compositions useful in the present invention includes compositions
disclosed and described in U.S. Patent 6,660,683, said patent being herein incorporated in
its entirety by reference. Catalyst/additive compositions in this class will typically
comprise a particulate mixture of (a) at least 1 wt %, measured as the oxide, of an acidic
metal oxide containing substantially no zeolite; (b) at least 0.5 wt % of metal component,
measured as the oxide, selected from the group consisting of an alkali metal, an alkaline

earth metal and mixtures thereof, alkali metals are preferred, Na and K are most
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15 WO 2006/ 104612 PCT/L' S2006/ 006543 [0054) NO, reduction conpositions
useful in the process of the invention conprise any physical mxture or

bl end of at |east one fluidizable NO reduction conponent and at | east one
fluidizable duced nitrogen speci es conponent having the conbined effect to
reduce NO, SUPAHEY n the flue gas rel eased froma FCCWGTAGaMsNedSion zone
operating in heterogeneous conbustion nodes. Typically, the NO reduction
conponent useful in the present invention will be any particulate

catal yst/additive conposition which has the functional property of being
effective for reducing NO, em ssions in a FCC unit operating in full burn
conbustion node, or alternatively the functional property of being able to
convert N@fertral; [ ablgag 8)! wi Yopotashkdd ad @eongplesof d @iy eafth)or tr@atddnotetaf NO, with
any reductant% pre

) sent in the regenerator such a . NH3, HCN,
hydr ocar B6ns"" E8RE" ”é?rtf’ttﬁ Oxfci?ecci“i”??é‘,gn ( 155%6@‘;5?4?0%80&9%163% Odh&PP-egener at or
an'ddt r finsfl@]lcéuré@astthemléiaﬁ ef a atisle Fietal B@ﬁ}ﬁh onﬁﬂl’seleéteﬁﬁeﬁlit@é%b@p gamsis(iﬁ@ ofparti al
oxi dation. o y , precursors, such as_ gas phase reduced nitrogen
apectes. T g Qe flals et R e vab: o Odk b B o GHERPSATinddr | FOC ful
burn condjetde@Bges ekpre@dd@ibbin®Baseli b8 INGiotd] @UME bPIhe CRITAREEH al JB¥addimet
significantly rncrease the formati on of reduced nitrogen speci es when used

in a Fccwomﬁﬁéﬁ%ting under any conbustion condition, but in particular,
under parg[bbs%l Qusregont(aircé s& gf‘il'l'l%{eﬂgls GO ats!tfi)@ﬁOx Iéglﬁ%tidnsc’om\g?ﬁéglt H%ﬁ’lg Nd! a PCCU

operating under parti; urn or reducing con I ons, _ reduction
conponentrefugson potpashigseofte ipraserdasesniion inhledescapmtpesitionsf asrdigblosedlandi t r ogen

speci es Ll FAOY pRGEOSLAtA;GR! IS @ RIGNAR (AIIGES ind fg.amount of
reduced nitrogen Species apsent “t Re preséenceé of the , reduction
conponentdisc] @055 pf Wnieh eleassinhcorpbrerci &l sefsandealih gerfeal, the &CaseduligonNO,

reduction co nent of. t .reduction c osi,ti.ons useful .in the present
| vent | ot oTIET QUBe B gH0eN e antc Gies rsSay Bhas el Aradei oot ent

6, 660, 683sarth @ieth| pah@tireb Ger@f,HEY £idfe tMO pRAEi@OMER! oXiliSh®ig dxgFah by

ref erence. Catalyst/addit;ve conpositfons ag‘this class will typically

conpri se BT FPEUNY: WPkt PR el sstecieddom deiftroges Thead tibe s t he

oxi de, ofpedBdRClabicC Preferably, the acidic oxide support contains at least S0 wt % alumina
and preferably contains silica-alumina. Ceria is the preferred oxygen storage oxide. In a
preferred embodiment of the invention, the NOy reduction composition comprises (a) an
acidic oxide support containing at least 50 wt % alumina; (b) 1-10 wt %, measured as the
metal oxide, of an alkali metal, an alkaline earth metal or mixtures thereof; (c) at least 1
wt % CeO,, measured as the metal oxide; and (d) 0.01-5.0 parts wt % of a transition
metal, measured as metal oxide, selected from Group Ib of the Periodic Table, all weight
percentages of components (b) — (d) being based on the total weight of the acidic oxide
support material.
[0057] Another class of materials useful as the NOy reduction component of the NO,
reduction compositions of the present invention includes compositions comprising (a) at
least 1 wt %, measured as the oxide, of an acidic metal oxide such as disclosed and
described in U.S, Patents Nos. 6,143,167, 6,129,834, 6,280,607 and 6,358,881, (b) at
least 0.5 wt %, measured as the oxide, of a metal component selected from the group
consisting of an alkali metal, an alkaline earth metal and mixtures thereof; Na, K and Mg

being preferred; (c) at least 0.1 wt %, measured as the oxide, of a rare earth or transition
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met al oxi de containing substantially no zeolite; (b) at least 0.5 wt % of
netal conponent, neasured as the oxide, selected fromthe group consisting
of an alkali netal, an alkaline earth netal and m xtures thereof, alkali
netals are preferred, Na and K are nost 16 WD 2006/ 104612 PCT/ US2006/ 006543
preferred, at least 0.1 w % neasured as the oxid earth or
transitioW %@%Géﬁl‘“(’l?)xygen storage netal oxide corrponentI?C’E/:ﬁgﬁ(@w{??{ét erred; and
(d) at least 0.1 ppm neasured as the netal, of a noble netal conponent
selected fromthe group consisting of Pt, Pd, 2h, 1r, Os, Ru, Re and

m xtures thereof, of which Pt, Pd, Rh, Ir are preferred. Al percentages
expressed being based on the total weight of the oxidative catalyst/additive
conposition. [00561 A second class of materials useful as the NO reduction
conponelﬁ?tﬁb@\YEPréStN@ge metH axiee 6PMRBHosl Yhish&eds pickrarepr axlddl 2 lassent i on

i ncl udego£QAPYSHEdQRS a@%h@'}n%ﬁl 360 AR on %&ﬁraopag%anp stfecied F Pgﬁﬁﬂ% s Nos.
6, 143, 167, 6,129,834, 6, 280, 607 and 6, he entire i scl osures of

whi ch agreuhesrsishing nﬁ@rqmﬁ dAived oy, Y, é‘fIéf‘h,CEHIA nBgemeilal of tdlhé’elmid,xc reduction
COMPOSI {1 9N5 SRR Akvirtindh dhg LS GUBIOIGcrch) 80 AhigLh et

and/ or alka ear rest ea rth or
t ransi t meml cmatp@hemxs szb@ctmd\ftmgthegmemonssstmga@éﬁ dé,[ﬂib]\/lnl, Fy,,CoaM 4dd) a

transit d fromthe G a Prlodlc Tabl e.
Prefera IBF{)\/IHE%@ véc‘g%l 23 ngﬁtﬁlp%tﬂ{ere@g Wi ﬁg ‘g% # eggl‘fv ggv\f 5'al um na and
pr ef er afd, NiCaHit RiNises nHelsz)aJoaingrmaanecDerUua Zins M) eV, PFEhed C@dm@x]y@en st or age
oxide, In_a pref erred enbodi nent i nventjon, the NO reduction

corrposN?rF%HeQ:or’rpAH sigégce‘ftégesaﬁ"pl%?é?dd%émgx #ed sRibgas tto@bn‘f’%iglﬁl Ag tHE | east 50 wt

% al um gslyst/Rdditlvel@mMosibion. MERSIH R siBSnst dTehis %E@Jan%'p%me@fblyaaﬂ yakkal i netal,
an alkaline earth metal or m xtures thereof; (c) at | east % CeO 2,

measur edte asthoReknanman tindrdrs;bewaquitadle for makisg crtiusts &ppRAPTBEedPT et ansi ti on

metal , ﬁﬁé%r@g@%om@awtwoa@aa& selaahng he %?ng%stm Icﬁngfs 4ig Reriodic
Tabl e, all weight percentages of conponents ( ei ng based on the

t ot al wereiped oyf fitsherepasing ia dagexiupeort @mﬁimof@memeaus (a)ltm@sgll(cmamer cl ass of
mat er | a;!hz? m%ﬁ%tiy!ixsa&eg r\? pm’s 1qu9§cﬁe&é?]'? A%B%ﬂ&?ﬂ% @§2(¥0Q%0%2A1, the

entire disclosure of which is herein incorporated by reference. The final composition is
prepared by adding component (d) to said base support by any of the methods known in
the art, such as, for example, by impregnation of the base support with an aqueous
solution of at least one component (d) salt, e.g., nitrate, chloride, carbonate and sulfate
salts, amine complexes, and the like, in an amount sufficient to provide at least 0.01% of
the transition metal, measured as the metal, in the final catalyst/additive composition, and
thereafter drying or calcining the impregnated particles at a temperature and at a time
sufficient to remove volatiles, e.g., when drying, at about 100°C to about 250°C for up to
24 hours or when calcining, at a sufficient temperature, such as about 250°C to about
900°C, for a sufficient time to form the corresponding oxides.

[0058] Another class of materials useful as the NOy reduction component of the NO
reduction compositions of the present invention include magnesium-aluminum spinel
based compositions herctofore used for the removal of sulfur oxides from an FCC
regenerator. Exemplary patents which disclose and describe these types of materials
include compositions disclosed and described in U.S. Patent Nos. 4,428,827; 4,469,589;
4,471,070, 4,472,267, 4,472,532; 4,476,245, 4,492,677, 4,492,678; 4,495, 304,
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reducti on conpositions of the present invention includes conpositions
conprising (a) at least | wt % neasured as the oxide, of an acidic netal
oxi de such as disclosed and described in U S Patents Nos. 6, 143,167,

6, 129, 834, nd 6,358,881; (b) at least 0.5 w nmeasured as the
oxi de, of aGWnégg 6(ﬁ@gﬁrlr%onent sel ected fromthe group consﬁ’%?/pmowﬁﬁh al kal i
nmetal, an alkaline earth nmetal and m xtures thereof; Na, K and My being
preferred; (e) at least 0,1 w % neasured as the OXi de, of a rare earth or
transition 17 WD 2006/ 104612 PCT/ US20061006543 netal oxygen storage netal
oxi de conponent, of which Ce is preferred; and (d) at least 0.01 m %
nmeasured as the netal, of a transition netal conponent selected fromthe

group condi8Lity ofS@Blps 4PUR0ZVASIIATA; MIBH28M HIGAZ,1TB, 4A8.0A5B of the
Peri odi P@ﬁb@ (RIRYLoRS, bUEAG. T QlsTd.eq S 88 R80 IbA ubos wﬁré%f

CGeneral ly transition mponént “1 S’ sel ect ed rom i
consi st ng 961.894; , and 4.003,5Nh thd:s]tlr@d;SCIMLlreSquf wthh) atel\/tgermh-lfmconAed bﬁu Zn and

m xtures t Encg 11 XV!;)IIEPCI 1%98}1@9%n1%1qu|WVI1¥E1tl%q cam%smon’s in ﬁls clas% mc 1l m Xt ur es

t hereof béin are m)st prée Fred. All
per cent ageisi eest mhesmeml coetaimgn gogsest vahncht inelutie:stalﬁrsmn@dﬂtmﬂfa tdvend metal

catal yst/additive co I The co t|on of thi Ias can be

pr epar ed g@/v”%@vg?me% h@?ﬂg]bes\'%?(gm '{ }‘?é”%? ; agd OBB?IWBY% FUHE for

nmeki Eg catc%h]yc?aw oglapmﬁmb@t ethérahanUs gl ﬁrﬁtfanﬁ lsétiodld lqafetatlmva pfiodalio at @gsytb I cf
cracking referably the conpo ions o is class repared by first
pr epar i ng°%° %@@ng‘ﬁﬁﬁﬁr@m@b%ﬁdg?é‘?ﬁh%’f S%hﬁbﬁ%‘ﬁ’?% apgjh ]idmlgﬁléh‘“(e(‘:‘)m using the

net hods diggliQsesiedanispdsiicted TReh WeSrolfRt@REHAPH Gesb I@nm%@}s UR2Q04 0077492A1,
the entire disclosure of which is herein incorporated % reference. The

final compéils OstriEA petalsaihe trhsartE dstay tl@o"ﬁwﬁ@r@roem)net WYX H¥8e support
by any of tﬁerb%f nﬁ]ﬁhﬁﬁf&mmetﬁpls §e%te§rf§on1 %Hﬁpglo@ COBQ tin Xﬁ{m&?un&)éll east one

i npregnation of the base support with an aqu&o |on of
conponent tifdiunsafiromaing. manganesst ecobelhl @cllrrdieluncatlb,orbmﬂandw@lbﬂmme salts,

am ne Comktﬁﬁcgﬁt V%gglubl a%dlnllkﬁnﬁs erd? B0 fﬂlgtl ?&%l it R/Iﬁp l%\/s%c?)%d at | east

0.01 % of ransition neasure nal
cat al yst / acdil t5 &b tlmoﬂhpdmndta]omt leastonet drfeheeafret emthdﬂg»ta sopforhidaleismog t he

| mpr egnat ed fgtaerdt gm% §e c%tlthamétglnggé ggte%lrﬁmgnhe group consmang of vanadium, iron,
nickel, manganese, cobalt, antimony and mixtures thereof.
[00591 Yet another class of materials useful as the NOy reduction component of the NOx
reduction compositions of the present invention include compositions such as those
disclosed in US Patent Application Serial Nos. 10/909,706 and 10/909,709, the entire
disclosure of which are herein incorporated by reference. In general the NO, reduction
compositions of this class comprise zeolites having a pore size ranging from about 3 to
about 7.2 Angstroms with a SiO; to Al,O3 molar ratio of less than about 500, preferably
less than 250. Specific zeolites include ferrierite, ZSM-5, ZSM-11, beta, MCM-49,
mordenite, MCM-56, Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22,
MCM-35, MCM-61, Offretite, A, ZSM-12, ZSM-23, ZSM-18, ZSM-22, ZSM-35, ZSM-
57, ZSM-61, ZK-5, Nal, Nu-87, Cit-1, SSZ-35, SSZ-48, SSZ-44, SSZ-23, Dachiardite,
Merlinoite, Lovdarite, Levyne, Laumontite, Epistilbite, Gmelonite, Gismondine,

Cancrinite, Brewsterite, Stilbite, Paulingite, Goosecreekite, Natrolite and mixtures
thereof. Preferred zeolites are ferrierite, ZSM-3, ZSM-11, beta, MCM-49, mordenite,
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sufficient to renove volatiles, e.g., when drying, at about 100C to about
250C for up to 24 hours or when calcining, at a sufficient tenperature, such
as about 250C to about 900C, for a sufficient time to formthe
correspondi ng oxi des. [0058] Another class of materials useful as the NO
reductlon onent of the NO reduction conp05|t|on ent

i nventi on ﬁﬁgfﬂﬁglﬁagne5|un}alunlnun1sp|net based conﬁ%@?%$§%§g Zretofore
used for the renoval of sulfur oxides froman FCC regenerator. Exenplary
pat ents which di scl ose and describe these types of materials include
conpositions disclosed and described in U S. Patent Nos. 4,428, 827,

4, 469, 589; 4 471, 070; 4,472, 267 4, 472 532; 4,476, 245; 4,492,677;

4,492, 678 495, 304; 18 "F = :

X~., .. i\/giéi Z_colltg Lag?pluen%hp l@rrlomte chaba21te clmoptﬂohte, MCM‘@ 2&9@7’1‘_@@46 12

PCT/ US?@Q@{ QOQ%%M-% 41%@ nﬁ% es4hé&% %Bst Aﬁe@%@bﬁ% ze%né%% fé?%me‘h 613, 428;
4,642,178; 4,728 840;

4, 883, 7@@np041tlgms4m e&rzmdam:egw VP@S? ass 4f glgfﬁtlglgzﬂaydqqecsteml%@ ws@oa mﬂhé entire
di scl Ossléfe‘a%dg N Glﬂbu c‘SnJ‘s‘%ﬂ]E'o@dr&@?ﬁﬁoﬁﬁé%BbWB Kﬁﬁsc%p' pa preferred

enbodi nent o |s “I'nventionco tidns in thi's class I'nclude’ at | east one
nmet al - cldlat, &Y Ai ﬁv}g thpLaghanidd Schics nﬁhmﬂ@@dw Tablests priglished gnide Anseicand net al

havi ng 1eréa?§8c:Ei\ng %g{d xtnrx%ﬂes[ Iﬁg‘\xeééta Igg;bfefé)rE %{b% m%en’? colgE?satll ts?‘nnd optionally

at | east one an sa and second
met al s anddmmbmmhﬁthaaMﬁM&ashba&nﬂdnbnﬁamhmnmﬂﬂsdeﬁ@ﬂﬁbhihf@ahpother t han

P om  HETG e B L P ok B Ui e SR N BRI, o oup Wi A

mﬁt al S% arﬁhﬁla}x{t@é@él@ﬁc%dfh V\Lﬂht ﬂdesmoﬁh@eﬁ:u@ﬂ i rﬁgtﬁm &ﬂglrl?]rﬂfﬁztrﬁlhﬁ ANAinGinxt ur es f
t hereo an sal ourt netal 1s selec omthe group CO”SlStlng (0]
i ron, nNRSTUM, EZinfaffidy MixtEs dLﬁ 'ty Held él:‘mcq}ﬁaslc?pe @gF%ﬂ‘leﬁﬁ‘ﬁ tin,

bi smut hinvaiby REE BHRositRAS IMRBY B Rad] tumcwaﬂomlétwa%agfb%rsteaoanlzea’r eferably ,
the first metal is My, the second netal is Al, the third metal is at |east

one of Vil arstbdizEgraneurbtced- 1P 1Gfabaki Thwies:i 8T Avatal ¢fr@roup ABA! thid the fourth
metal | g pgkach %&K@l@s&gﬁbﬂgw&% | FRASA bags ef, vanadium iron, nickel,

manganese, cobal t antlnDny Xxtures t r eof
[0060] Another class of materials useful as the NO reduction’ component of the NOy

reduction compositions of the present invention include Cu-containing zeolite NOx
additive compositions such as those described and disclosed in U.S. Patent Nos.
4,980,052 and 4,973,399, the entire disclosures of which are herein incorporated by
reference. In general the NOy additive composition comprises zeolites having preferably
the crystal structure of ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-38,
ZSM-48, mordenite, dealuminated Y or Zeolite Beta and a silica to alumina ratio of 20 to
100, and containing Cu metal or ions preferably in an amount equivalent to at least one
half mole of CuO for each mole of Al,O; in the zeolite.

[0061] Still another class of materials useful as the NOx reduction component of the
NOx reduction compositions of the present invention include -catalyst/additive
compositions comprising from about 25 to 80 wt% ZSM-5. The ZSM-5 may be in the
hydrogen or ammonium form of the zeolite, The ZSM-5 zeolite may be used as a separate
particle additive or incorporated in the catalyst as an integral component of the catalyst.
When used as a separate particle additive, the ZSM-5 zeolite may be bound with a

suitable binder to obtain a particulate material or microsphere appropriate for use in an
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[ 00591 Yet another class of materials useful as the NO, reduction conponent
of the NO  reduction conpositions of the present invention include
conpositions such as those disclosed in US Patent Application Serial Nos.
10/ 909, 706 and 10/909, 709, the entire disclosure of which are herein

i ncor por at e¥0BYO6(18f6¢T ence. I n general the NO, reducti onPCEBRPYNOeYdns of
this class conprise zeolites having a pore size ranging fromabout 3 to
about 7.2 Angstroms with a SiQ2 to A1203 nolar ratio of |ess than about 500,
preferably |ess than 250. Specific zeolites include ferrierite, ZSM5,

ZSM 11, beta, MCM 49, nordenite, MCM 56, Zeolite-L, zeolite Rho, errionite,
chabazite, clinoptilolite, MCM 22, MM35, MM61, Ofretite, A ZSM 12,
ZSM 23, ZSM L&} uadSVF QR coddilibri35 Prefishbly SHe bIZ&VInﬁﬂenaZK-SBLca%ﬁnmhx]lhl&ﬂ Gt-1,

SSzZ- 35, SSZ-48, SSZ-44 Dachj ar dj. t i noi t Lovdarite, Levyne,
Lauront i t 8V MR %TW‘WBPP%SPE%T@T%WW'&GS @% nﬁmﬂgl\/ﬁe EANf Pﬁ fhegeoliss Bt eri t e,

Sti | bite, biRawlii R hen 1@DATBGT Bakblt 1t @lay NRta@4d EnRchtNE. Xt Mb@morilifiglkeof .
Preferred zeolites are ferrierite, ZSM5, ZSM 11, beta MCM 49, nordenite,

19 WD 2006104819y sPEheusotbaHaveE R dVbRiss alumie istlsaplumino e satho,
errionit e@xn@é@@@@lzdstlﬁlthachla' tpeﬁ)l@lttlbh me'tatl %x1d@@¥b@gs tltW Z%%oma Dbt @bl se A ZSM 12

and nm xtures thereof pre erab y eze0|te|s err|er|te
Conposi t i ofide, grf@uaélef\o%@ﬁﬁéécfvmwwml@l @nda’sagméf Ot erray il 59 Wawu@z@@cbm lized

th I | VB,
Ve, Vi, 5o R R %t i ArQHRGR SRk Pavle B SHegal bl 1P
Peri odi ¢ Gatfogerdsf ﬁl@brdCEhedatbvstt He ameent dahSMehaolicabil 1$@ngee°toyr; abhgt and
i xtures §0ereal o WA Rieh e e uhodiEnt o\ POTRRE L0 il @gepr dance

with this”class i 78 fromthe
gr oup coaﬂemgst«iithgpom\fenmnmmpstalyllstDnaﬂehAs idbi3; corlveRkicamadmbher L dittcharpgde Series of

b ng | antHaiAt | A H S hee i SrE Ve g s P eeRbhARor Tt 1

al so wi t hRaUsKezeshepe hvdntiendmesentcompdiéeNicigOnaltihmb, SOEPASININaORSe | N
accor dance W|th this class of materials may, be s&abl lized wth a
st abi | i zi g aptit Uk 2. Aiiprneo AR @lstalwxmﬁss ch PSndieair: gfcoPedpd | B of the

Peri odi ¢ TallaRese\WkidB, &8 SiaadXidel ZhdhGhs NREAs R Slieyaabh)oxRigE, ReyEBlich as
kaolin, and mixtures thereof, and a binder material, e.g., alumina, silica, silica-alumina,
aluminum phosphate and the like, and mixtures thereof. The catalyst/additive
composition or the integral catalyst can be prepared by any of the methods known in the
art as being suitable for preparing fluid or thermofor catalytic cracking catalysts such as
the methods disclosed in U.S. Patent Application Serial Nos. 10/909,706 and 10/909,709,
the entire disclosures of which are herein incorporated by reference. As will be readily
understood by one skilled in the art, amounts of components disclosed and described in
said applications will be appropriately adjusted to provide final ZSM-5 containing NOy
reduction composition as described hereinabove.

[0062] Other materials useful as the NOy reduction component in the present invention
include, but are not limited to, zinc based catalysts such as disclosed and described in
U.S. Patent No. 5,002,654; antimony based NOy reduction additives such as disclosed and
described in U.S. Patent No. 4,988,432; NOy reduction additives comprising oxide of
elements of Group IIIB of the Periodic Table such as disclosed and described in U.S.

Patent No. 5,021,146; perovskite-spinel NOy reduction additives such as disclosed and
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(0060] Another class of materials useful as the NOx reduction conponent of
the NO reduction conpositions of the present invention include
Cu-containing zeolite NOx additive conpositions such as those described and
disclosed in U S. Patent Nos. 4,980,052 and 4,973,399, the entire

di scl osures_of which are herein |ncorporat ed by refe neral the
NO, addi W%"%{S)ﬁﬁp%sl tion conprises zeolites having prlie)?era Rt @Oﬁgﬁe crystal
structure of ZSM5, ZSM 11, ZSM 12, Z, SM 22, ZSM 23, ZSM 35, ZSM 38,

ZSM 48, nordenite, dealumnated Y or Zeolite Beta and a silica to alumna
ratio of 20 to 100, and containing Cu netal or ions preferably in an anount
equi valent to at |least one half nole of CuO for each nole of Al1203 in the
zeolite, [0061] Still another class of materials useful as the NO reduction

conponéeriead 1HES. ResentNesu e S6bAl T 8ihosh | dnexiges phMeptleaenu. andent i on
'ncl ud%prtma%l @@tsﬁa@l% &15@Y(%ed &m&abteaqmﬁc@%r%a@nambﬁ,@moﬂb@dﬂw > to 80 wt%

be in the hydrogen or amonium formof the zeolite,
The ZS&/§/93&7éoanct @/dmyclbeebag@;b@ataibst gompgsiioas suchpadisclobes aaddiesdribed,or

'”Corp%rae&% bMnt8. SALANGI4 £ @3 h@ﬁfﬁg'la'ﬁgﬁfg&;%efi%@ 111 gRal yst. - Vhen

ed as a se arate pa |ceai |t|i/e ebl'ité 'may be bound with a
sw t ablamd BATGEY] Bh '[bfbh}&irﬂa]al'[(pbﬂsbd cathlatteompositidna magyrfurtha rcosplier @ appr opriate
for us " t2{)%6/ 10461 gT l(.;520061006t543t FCC Sﬁ“fﬁ ;Ej?rad FCC
condi t 63?1 Oneﬁﬁl%FaerP] Brigh OF REMB PRARFIhEIC &1 MOE 1Y 183“16561% e silica-
al um nal,omaﬂhbllg}dﬂlp-olﬁh@tiphatee tBAGg ohtanmem miaggaaed, chlaler@uhhtﬁulamgnt of the
zeol it is |lLess than, 100 wt%as mat ri x

conpongﬁt““g‘e . Iy HWP"I”PP‘% AR P gr Tr?f%b Pf\éhw}bé?ﬁaéﬁ’imc g,

at t apubgirdred. andeiihe distibQire af dah ARrenfhtided pRlehtBend; hefed Bic&@blaltd OXi des such
as lanthana, transition netal oxides such as titania, zirconia, and

mangané&lee elé‘iﬁede group |1 A oxides such as magnesi um and bari um oxi des nmay

al so beyjsBLonRehat Qtksa3 & RIPRARENEs Bt N@Qe%ﬂbﬂ 'cc\/rﬁp&fanmsth&w Wen used
as an integral catalytic conponent of the cracking cataly t'he anount of

ZSM 5 zesloptianecoinopitipasnefethe penssra biigntionals inghyde dove OVQw @@mrtbﬁélqnnt egral
cataly Po’mo%?Q:o&g sthG?‘lMsur?chza%cﬂleéctu%eWr &?mhgﬁﬂrlpgk‘?ah&lgNoah 9@(9?’)‘% Jm'a conventi onal

cataly t materi S I n any convent'i ona nner e i ntegrad
4,199,435, the entire disclosure of each aforementioned patent being herein mcmporated

by reference. In general, the low NOx CO combustion promoter composition comprises a
combustion promoting metal or compound of a metal selected from the group consisting
of platinum, palladium, iridium, osmium, ruthenium, rhodium, rhenium, copper and
mixtures thereof, associated with at least one particulate porous inorganic solid,
preferably including one or more of alumina, titania, silica, zirconia , and the like.

[0064] Another class of materials useful as the NOx reduction component of the NOy
reduction compositions of the present invention include low NOy CO combustion
promoter compositions such as described, for example, in U.S. Patent No. 6,117,813 the
entire disclosure of which being herein incorporated by reference. In general, the low
NO, CO combustion promoter composition includes an effective concentration of at least
one Group VIII transition metal oxide, an effective concentration of at least one Group
IIIB metal oxide, an effective concentration of at least one Group IIA alkaline earth metal
oxide, and, optionally, microspheroidal alumina, The preferred Group VIII metal is Co,
the preferred Group I1IB metal is La, and the preferred Group IIA alkaline earth metal is
Sr.
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catalyst will typically contain, in addition to the ZSM5 zeolite conponent,
USY or REUSY zeolite, a conventional matrix conponent, e.g., alumna,
silica-alumina, rare earth oxides such as |anthana, transition netal oxides
such as tit nia, and manganese oxide, G oup Il A oxides such as
magnesi um aﬁ\gbggor@h{%%;x' des, clays such as kaolin, and mi%YU8Y/PHEt eof

and a binder material, e.g., alumna, silica, srllca al um na. al um num
phosphate and the Ii ke, and mixtures thereof. The catal ystiadditive
conposition or the integral catalyst can be prepared by any of the nethods
known in the art as being suitable for preparing fluid or thernofor

catal ytic Ki cat al S suc t he net hods di sclosed in U ' S. Patent
Appl i cat i dﬁ&%i 'hggfqe" 5 “S%%E%Qtve/g\égehﬂi”itﬁ}f%@“mm of Hae MNP+ Feluefidc osur es
of which apgpbefigisnofl e ofrBRRAIREntRY J18f ch@rﬂ@E&ata&%t/%ﬂdlt]vebc%rrl’]:!%ﬁgbr{s%s
understood by one skilled in the art, anpunts of conponents disclosed and

descri bed 4if¥los&hirad fspiriveatin offs! \mernawahé’ablefﬁ%@écr yWaHj0gdteld 2t &dpr ovi de

final ZSM 5,604 almN, Noade. Aprﬁ‘eu&r | 9036098295 WlORAS dReLhIDes herei nabove.
[00621 Other materials useful as the NO reductr on conponent 1 n the present

i nvent i on afprapiigesd builicatien brote herein insarpptedivieiopmsed Sudt MPy stwveluch as

di scl osed &g@ogﬁ&%fgeﬁsth @omghs% 133% Hrcgl%dgesgg}?&b?gﬂcerﬂﬁ g{‘i@%( @aased NG

reduction additives suc |sc ose nt No.
4,988, 432; am@;mder edde vthenthad dérta Meisonmnaplyr @)y lensi dee ofide ef ermendisorof G oup

22 o DS P BT o SRR TR oo

and 21 V@l&ﬂ@&k&@éﬁlZ PCTI US2006/ 006543 described in U S Pat ent Nos.
5,364, 517 5,565, 18

, , n oxi des  of Al and Cu, on Ce, such
o e sol oot iRk e e e R PO s e PE DI R

95/ 03876; @ﬂ%oh&ﬁbﬂ&@m tr@dub@@nea) @@mbﬁésﬁc &Qﬁﬁ@&dxﬁpo@ﬂﬂiﬁnﬂéﬁhae&@dudh&ﬁ' osed and
descri bed, exanp in at ent Nos. 4,889, 615, 4, 946, 58

4,952, 382,° 50%2.61 é@r 6115581011& 118§§C PAPRESES 2 a4 shosgidisclopgsl wmﬂ&r@%.f@‘e based

catal yst CaaResl tl ong ﬂ&‘)‘ﬂ&ftr'dﬂzt %rb]l@a%pmosarv@tzoom@%91om Fiishegakh netal,
Cc being preferred and one or nore transition netals selected fromthe

group of i Fasent aplighiédn, 200/0AHAATA the Pirtserilisepsumarng ariéeheare bobial ircorppeaterani um

tin, by reference. Such NO, removal compositions generally comprise: (i) an acidic oxide

support, (ii) cerium oxide, (iii) a lanthanide series element other than ceria and (iv)
optionally, at least one oxide of a transition metal selected from Groups IB and I1IB of the
Periodic Table, and mixtures thereof and (v) at least one precious metal from the group
consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and mixtures thereof, of which Pt and Pd are
preferred.

[0067] It is within the scope of this invention that the NOxreduction component of the
NO reduction compositions in the present invention will comprise at least one NOy
reduction component or any combination of NOy reduction components as described
hereinabove.

[0068] Typically, the reduced nitrogen species component will be any particulate
catalyst/additive compaosition having the functional property of converting reduced
nitrogen species to molecular nitrogen when used in an FCCU operating in partial burn or
overall reducing FCC conditions, or alternatively, having the functional property of

converting reduced nitrogen species to molecular nitrogen under overall reducing
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bi snut h, nol ybdenum anti nony, vanadi um and m xtures thereof; of which
vanadiumis preferred. The entire disclosure of each aforenentioned patent
bei ng herein incorporated by reference. [0063] Another class of nmaterials
useful as the NOx reduction conponent of the NO  reduction conpositions of

the pr es%zoiom’(ﬁﬁhi on also include I ow NO, CO conbust ipgh/ysRéQRseS
conpositions such as described, for exanple, in U S. Patent No. 4,290,878

and 4, 199,435; the entire disclosure of each aforenenti oned patent being
herein incorporated by reference. In general, the |low NO, . CO conbustion
pronoter conposition conprises a conbustion pronoting nmetal or conpound of
a netal selected fromthe group consisting of platinum palladium iridium
osm um rutheni r'hodi um rheni u copper and m xtures thereof,

associ &P@&‘Wtb%l@'tdlleéb FeoBIRas Ay 91 tg]?ﬂeéf’ ‘eﬁo@glﬁ%acil?ib%%ﬁ% o%Wi7el, preferably

i ncl udit&@caﬂﬂ%r@émmrﬁa otcahiihied, astdf, a0h,aN0s idhl GRe 1%L, @PRbAertRd the like.
[ 0064] Another class of materials useful as the NO,, reduction conponent of
t he NOxeduraichittgdeo rspeaespio sixidiged siitofgen eerprediste spediesvernt, iND) which ade | ow NO, CO

pat ont UK. <t v e FRIP AR e T o5 ERR et RE G, "

i ncor pevaeethghyduced aitepee spdeies geingray ptheheasitably mdd@uniéh) wolbpstinion pronot er
conposibt i olp#éncléldes an effective &/ongent ration,of at |least one Goup VIII
transi PO Kot E%s et &I Hiot ledieed SHESHT PRI rFOBPOssnt MBSE folone Gr oup
|11 B mteaificaxiydgere@d tB fR@biionCofa0DC AT @il 0N a FCCU op@@sly @iaer &dyoup |11 A

al kaline earth net oxi de,. and, op{ﬁ\ig%nal ly,. .m crospheroidal alum na. The

t al . . : .
pr ef er CEEPEHBUEPIOIIR, v nparfigiasgindet il bpincoatifiges AL Whssibtal is La, and
t he prefrdedpGh@iPuldeArid] kdh icBfiigdk! fhe MRIBEd hifroged spedids Whgfi@h/ 104612
PCTI US2006/ 00%543 [0065] Materials useful as the . reduction conponent of

t he NOMUeHYCEISMAN BHFPEsinttho AE of RO«gh dieRECPnigeseran df 8& ¢incl ude

oo o st ey TS g s oot sl BT

Appl i carinpmeRO03/ 0098259, the entire disclosure of each

[0069] One class of materials suitable for use as the reduced nitrogen species
component of the NOy reduction compositions in the present invention comprises
compositions disclosed and described in published U.S. Patent Application No. US
2004/0074809, the entire disclosure of said application being herein incorporated by
reference. Catalyst/additive compositions in this class will typically comprise a porous,
amorphous or crystalline, refractory support material, e.g. an acidic metal oxide, a spinel,
a hydrotalcite, a perovskite or the like, promoted with at least one metal component.
Suitable metal promoters include, but are not limited, to alkali and/or alkaline earth
metals, transition metals (e.g. metals from Groups IVA, VA, VIA, VIIA, VIIIA, IB of the
Periodic Table (previously TUPAC form) and mixtures thereof), rare earth metals,
Platinum group metals, metals from Group IIB of the Periodic Table, germanium, tin,
bismuth, antimony and mixtures thereof. Platinum group metals are particularly
preferred. Also preferred are transition metals and rare earth metals having oxygen
storage capacity.

[0070] Another class of materials suitable for use as the reduced nitrogen species
component of the NOy reduction compositions in the present invention comprises

compositions disclosed and described in U.S. Patent No. 6,660,683, the entire disclosure
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af orenmenti oned publication being herein incorporated by reference. Such NO
renmoval conpositions generally conprise: (i) an acidic oxide support, (ii)
ceriumoxide, (iii) a |I|anthanide oxide other than ceria and optionally (iv)
at | east on xi e of a transition netal selected fromthe consi sting
of G oups I%V(g /ﬂ”é”of the Periodic Table, and m xtur esPCth‘gﬁz B“6°f1b066]
Anot her class of materials useful in the present invention as the NOCS
reducti on conponent of the NO reduction conpositions include the
conpositions for the reduction of CO and NO enissions in FCC processes
such as those disclosed and described, for exarrpl e, in PCT International
Publ i cati on No. WO 2004/033091 and pubI i shed Pat ent appljcation

2004/ 007267581d pREntdsingrerel geppeiHddyIricite hC%W éstﬁéqilévw@lmﬁls@% dted by

ref er ence.q,Suaks NP4 glwm%ahpﬁwpﬁwa@mlmggf hBMe&PW'%Efneaédléd gn acidic

oxi de support, (ii) cefiumoxide, (ili) a lanthanide series elenent other
than ceri & tamlde( p{yn aqype instrdlokyle cantaipipastbseneéalyxiodeolik; @) er ke 0tSivgn et al

sel ect ed f‘% %mngtﬁ%gt%p&%nﬁ%agdr& tf\é Pﬁde @@E&t&fjh&n-ﬁ?eb%r&n% glsg}lgé(&;” es t her eof

and (v) at least one redl ous
Rh, Ir, O \aRuneta?eanammhlm xgrtr mstat Mnmafuresofﬁewdﬂ ailka RtietaldrdPgefarred, Nor ef er r ed.

[0067] It i thin th 0 of t hi pvention, t hat redutlon
conponent ‘0 I%Mﬁg MEoP*S eé@ﬁc@ﬁ&ﬁfeé% 12%’%1/? SHASYTY! e 6’F(bd§eapfaﬁ?/85rﬂl on will
conpri se ahethleastiransidoNDetal beygmtsio@a'gemm@nmetcompm&ﬂy crogbhiaiatddomdof NO,
reducti on conpon S as describ ove 068J Typically, the

| duced miErBRen Ll B S R o B el 1o DGR ap Buted Tro the

cat al yst/ agelipt dovi€istHRMIas; id, ®h, Ak, tf&ﬁanfjLﬂrﬂﬁ&dd@m@érecﬂr&p\@ﬁlblﬂ{ﬁfh ganverting
reduced nitrogen s eC|es to nDIecuIar ni trogen when used in

FCCU
oper at i ng M'HeieEt ti &f! BeicRnteges ewessdl brisgubastl ecthic dpal tYaEy, Oforthe

alternati Vc%lﬂyst/ﬁﬁ%!\@goﬁqp@sltfdﬁmt' onal property of converting r educed
nitrogen species to nol ecul ar nitrogen under overall reducing 23 WO

2006/ 1046180ACT/ Ls2ba6es 006K 4Batetdn diitablsnir ye paYhedicdecsd wisegmpwssies on of
these Specdo%one(np)of{ ﬂl%CtN'(?Vnré@'u&t%na@éﬁm%gltghszqﬁSthe present invention include

compositions which comprise (a) at least 1 wt %, measured as the oxide, of an acidic
metal oxide containing substantially no zeolite; (b) at least 0.5 wt % of metal component,
measured as the oxide, selected from the group consisting of an alkali metal, an alkaline
earth metal and mixtures thereof, Na, K and Mg being preferred; (c) at least 0.1 wt %,
measured as the oxide, of a rare earth or {ransition metal oxygen storage metal oxide
component, Ce is preferred; (d) at least 0.1 ppm, measured as the metal, of a noble metal
component selected from the group consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and mixtures
thereof, Pt, Pd, Rh, Ir are preferred, Rh and Ir are most preferred, and (e) at least 0.01 wt
%, measured as the metal oxide, of a transition metal selected from the group consisting
of Groups, IVA, VA, VIA, VIIA, VIITA, IB, and IIB of the Periodic Table (previous
[UPAC form), Sb, Bi and mixtures thereof. Generally, the transition metal component is
selected from the group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Zr, Nb, Mo, Hf, W, Au,
Cu, Zn and mixtures thereof, with Cu, Ag, Zn, Mn, V, Sb, Co, Cr, Fe, Ni and mixtures
thereof being preferred. Cu, Zn, Mn, V, Fe and Co are most preferred. All percentages
expressed being based on the total weight of the composition. The compositions of this

class can be prepared by any of the methods known in the art as being suitable for
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typically present in an FCC unit such as 02, NO NO and the |like, (c)
converting reduced nitrogen species to oxidized nitrogen internedi ate
species (e.g., NO which are then reacted with reductants |ike coke, CO
Nlll, etc., present in the regenerator, or (d) converting reduced nitrogen
speci es ' t her suitabl e nmechanism under partial burn FCC
cgnditioﬁgéagﬁﬁéﬁdptlon the reduced nitrogen specPes éEWEB‘éﬁw&Hﬁst not
significantly increase the formation of NO, when used in a FCCU operating
under any conbustion condition, but in particular, under full burn
conditions. That is, when used in a FCCU operating under full burn
conditions, the reduced nitrogen species conponent must not cause an

increas? in the content of NOS in the FCCU regenerator off gas of nore than
10% of™&9Hte SRR APBToPNIRiE foiyise it Ty er Hrewaele extlytia pracking Uefianid r ogen speci es

conmpongtomgIReR] o8 cfaL@é:@ p Fafé@%?'ﬂs@-b@péﬁmgta%ls@stf gp rt U&%lsﬁﬁ bpe reduced

ni trogen species conponent NO, reduction COmpostions in the present
|nvenﬂmﬁmo%wﬁﬁﬁ)@é@ghd@ﬂﬁﬁgﬂﬁ¢éﬁﬁoﬁi%Uh%&@ﬂiaﬁﬁﬁﬁéﬁwdub@db<mﬂ@ubllshed u. S.

Pate“tuépﬁia{ Adgﬂﬁ n N3 @%6%?%‘729%1%% ent !ar&scqt%acl%?sia  of said

appllcatlon erein 1 ncorporate ref 61 ence addi tive
conposippli@tisn |bnmghhx$eiclia@qumtbdl bb/ymfecfaicby "Elmrﬁnalsealaoqsmnooms thelanor phous or

crystal li refractor p er . e g. an acidic netal oxide, a

spi net) P aPe% 5t ) Xnenys @gra%dvgztt({ g L’ésf‘ ﬁ%&oﬁ%@, a“ar%r%@? 8’8&\5{?‘? h at |east

one nﬁmaanompanen¢1%Ismu@ahkﬁcmﬁmahxpn@nmt@ﬁﬁaha@kudexmbumcﬁhe not |imted,
to al kalj and/or al%sllne nﬁéal transition ne?g ée. . metals from
G oupSCASVRE SQRPORAIAD) gid gne G\5’I‘Tfploiafm Solf CShdlitase NOHAS CHRBIES plt evi ousl y
TUPAC shggtekal@ndinifé wxwl@&s tah@ﬂ%ka):,, in b kR o@AkffciBL BlpfovideRk Bhitum gr oup

netals, nmetals fromG %&E Per | odi c Tabl e, ermanlum tin,

bi smuthim fribg mmﬁﬁba%a}( eﬁf'té)so If/‘h o ransp|ORISRInTEASHIEP priteardalar e

parti Gyl @E! Hnal péd@arly%swa@ocﬂtlveAL:&Qp@ft%Berah@dtha%@ﬁeara Mgt bPNalTRliR) Sh@nd rare earth
nmet al s havi ng ééy t storage capacity. [O not her class of materials
& PH

sui t abmélegwedj @W‘@d’@@élf&rﬁ gr&yan a%«'gh@éi HY°C éoppranét’Cobr t he NOS

reduct i Li t n 0 ositions
di sclo HB gé%fggﬁ%ﬁ$%g%ﬁ%ﬁ&%gﬁgﬁﬁjﬁ%gt%yggb&%ggnt@ﬁgméﬁ$ﬁ$e di scl osure

sufﬁment time to form the corresponding oxides, e.g. for up to about 12 hours.
[0072] Another class of materials useful as the reduced nitrogen species component of
the NOy reduction compositions in the present invention include magnesium-aluminum
spinel based compositions heretofore used for the removal of sulfur oxides from a FCC
regenerator comprising at least one or more platinum group metal. Exemplary patents
which disclose and describe magnesium-aluminum spinel based compositions include
U.S. Patent Nos. 4,428,827; 4,469, 589; 4,471,070; 4,472,267, 4,472,532; 4,476,245;
4,492,677, 4,492,678, 4,495, 304; 4,495,305; 4,522,937, 4,529,502; 4,529,574;
4,613,428, 4,642,178, 4,728,635, 4,735,705; 4,758,418; 4,790, 982; 4,830,840,
4,883,783; 4,904, 627, 4,957,718; 4,957,892 and 4,963,520; the entire disclosures of
which are herein incorporated by reference. The compositions further comprise at least
0.1 ppm, measured as the metal, of one or more of the Platinum Group metal, preferably
Rh or Ir. The noble metal is preferably used at 10 to 10000 ppm, more preferably 25 to
5000 ppm and most preferably 30 to 2500 ppm. In a preferred embodiment of this
~ invention, compositions in this class include at least one metal-containing spinel which

includes a first metal and a second metal having a valence higher than the valence of said
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24 ?-"EY /| @sA.u u4C .. 3.'aa+Y.x . | u.,..u: +Pw....v.n.. -.. J WO
2006/ 104612 PCTI L: S2006/ 006543 of said patent being herein incorporated by
reference. Catal yst/additive conpositions in this class will typically

conprise a particulate mxture of (a) at least 1 wt % he
oxi de, of aﬁw HOPUI% et al  oxi de cont ai ni ng substanti all gggﬁ/%éﬁg?/&%‘4g (b) at

|l east 0.5 wt of netal conponent; neasured as the oxide, selected fromthe
group consisting of an alkali metal, an alkaline earth netal and m xtures
thereof, alkali metals are preferred, Na and K are nost preferred; (c) at
|l east 0.1 wt % neasured as the oxide. of a rare earth netal or a
transition netal oxy(T:;en storage netal oxide conponent, Ce is preferred; and

(d) at | edst "5t P98 ler%ét%‘ﬁrcéﬂp%&e“i‘?feaWﬁ?a‘Petal@Fhe&thﬁﬁﬁﬁ‘é freteaar se®hponent
sel ected {.pm ErﬂfeoptganI"er atCQQs?'(ﬁE'cGQxF&{enPEf al?ngrtttheta'l toihe@han@dld R, and

m xtures thereof, of , referred per cent ages expressed
bei ng basé@om\amdq@nﬂ@ma s, Weiegpiit e thurﬁenet%as arnw@*tm@rd@f theviatywnpowiupi on.

[0071] An%eﬂﬁ” \Aﬁ!ha%?d% t%ﬁlﬁlnﬁ@'s@ﬂ e bxtnatme %rofu coysﬁﬁm Softds'r%Hﬁe ?ﬁ“ﬁ'r?e?aqs ni trogen

speC| es conpoénent o reduc |on conp I'nt pr esent

i nventi on Grawgl UHenetelonfosp tlansctalki tbh 1arc)mmt1 Beta(sa)mcamuttmastheleowtan% nmeasur ed

as the oxid of. an _.aci di xi de cont ai ni ngf substa no zeolite;
d

(b) at Ieéq\aslﬁ %U% WEtgh 5 Sen%:ttegl %r%l Snent? COPSIE, Tg 8L Py Msel ect ed

fromthe ghmu]muﬂomsangineshg afbala,n gahﬂeaium nat, abl,smarln, ahklgxbddnem eaaﬁmbnyret aI and
m xtures thereof, ef erred east 0..1

) t
measur ed J&THE G rH‘émrec'f‘ftg?ie? ar lﬁeé%r}gff hhg g F’&W% iéﬁéﬁ%@??ﬂd %%@d%ﬁw t or age

netal Oxi @& thiF@MRANAN: leabiConk SF Me@h8kdr@tinetal) ofathitie@sts Rost pRRMed ERasuUr ed as
the metal, of a noble netal conponent selected fromthe gr oup consi sting of

Pt, Pd, Rﬁlt lepgt onctgf thpglatlmgn SHerPrnstplerod vhich ey @df arepyefenpgy, apghthe fqurtyy e
preferred,,da i aRfclel rRREHIR/up RERIBRE 6CvanadGn( dn, ﬂk kbie@stgaled ootk %

measured as the nmetal oxide, of a transition metal iected from the group
consi sti ngntimenyGNumSLIasIRICOA, VI A, VITA, VI1IA, IB and |1B of the

Coriod £, otk (pususiol EAR-AAr e S, Bt s, LOpgsth
consi st i ngfdhe NOx du@on qunposmeonscio thi\ipresehyt | indotionvianclude, caWys}d\@ddltwe
compositions such as those disclosed in U.S. Patent Application Serial Nos. 10/909,706
and 10/909,709, the entire disclosures of which being herein incorporated by reference,
further comprising at least 0.1 ppm of a noble metal component selected from the group
consisting of Pt, Pd, Rh, Ir, Ru, Os, and Re and mixtures thereof, preferably Rh or Ir,
The noble metal component is preferably used in the amount of from about 10 to about
10,000 ppm, more preferably from about 25 to about 5000 ppm and most preferably from
about 30 to about 2500 ppm. In general, the catalyst/additive compositions of this class
comprise zeolites having a pore size ranging from about 3 to about 7.2 Angstroms with a
Si0, to AlbO; molar ratio of less than about 500, preferably less than 250. Specific
zeolites are: ferrierite, ZSM-5, ZSM-11, beta, MCM-49, mordenite, MCM-56, Zeolite-L,
zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22, MCM-35, MCM-61, Offretite,
A, ZSM-12, ZSM-23, ZSM-18, ZSM-22, ZSM-35, ZSM-57, ZSM-61, ZK-5, Nal, Nu-87,
Cit-1, SSZ-35, SS7Z-48, SSZ-44, SSZ-23, Dachiardite, Merlinoite, Lovdarite, Levyne,
Laumontite, Epistilbite, Gmelonite, Gismondine, Cancrinite, Brewsterite, Stilbite,

Paulingite, Goosecreekite, Natrolite or mixtures thereof. Preferred zeolites are ferrierite,



Cu, Zn and m xtures thereof, with Cu, Ag, Zn, M1, V, Sh, Co, C, Fe, N and
m xtures thereof being preferred. Cu, Zn, M. V, Fe and Co are nost
preferred. Al percentages expressed being based on the total weight of the
conposi tion. The conpositions of this class can be prepared by any of the

met hods known in the art as being suitable for 25
PCT11JS2688%06843 maki ng catal ysts appropriate fquﬁégg§ﬁ&?ﬁ§%§ or

t hernof or catal ytic cracking. Preferably the conmpositions of this class are
prepared by first preparing a base support consisting of conponents (a)
through (c) using the nethods as disclosed and described in publication
U. S. Patent Application No. US 2004./0D77492A1, the entire discl osure of
said application being herein |nco orated by reference. The final

conpostIMonZSy!-t héata, Pemoﬁyﬂﬁd My Se.ctrebiselntzsolitd Rhanatri¢)e, t o sai d base
SUPPOI b8 i diE NEANPASICMBB il ASnBAS\BHE VRS ddfRBgnat an of the

base support an ‘aqueous sol ufion o | east one conponent (d) and one
conponbatedie) is Settitritee. C@mpomtltnrsatl egcocdaher wdb thig elagsoriapaeradmasd f at e sal ts,

o " SATEE YA S0A AN Ed QeSQURHGL b DR O Dt ot o oo
nmeasur e, adIR,hellhdaiml I1IA, |INA1‘, A&, fthe & bnthati dd S'este,é addhd Pmdmmlﬂs ki i on, and

vor at 1 16Erel o) Rl EhORE so S0 TR Tama V2806 1 oF SR 24 hours or

cal ci ndnfi@didiend cbR PR ds i 8ccofdamdd auth t%@@sst f 1@4@@1&13 H06ebifigad vaith suf fi ci ent
tinme to fo m t he corresgfggugg$OX|des or up to abqut 12 hours. [0072]

Anot hehetl 5 Gepunsdiier ! Gﬂdﬁ§lﬁﬁ@mpgﬁ§@éﬁ(ﬁﬁW?%@@ﬁw§ﬁé@res conponent

of  t hgdNQixti8d Ukt AN vEAIMRRS bitORS ekid T QP bERE NhnthdMENT d@RinlyAc| ude
magnesi um al um num splnel based conpositions heretofore used for the

r enovalagiesian] £iie: axd gustures dhereplEClt 1s rdgenEhiat be copfpef dicnprestnt | east one or
nor e p\he&meymaga s{m@hn ac'é&@m%% RAtERL St m\zi\mlgl@ ngllysbgls%%ﬁm@cpd descri be

magnesi um al um nu SpI nel based rTBOSI tions i nclude U.S. Patent Nos.
4, 428, 8y a spbilgng S8unt.4e.2 71, ®7®ou A72 26T¢ a meaat 0f532up AB 4f6h@45:

£ 352 ety 90,910 08, yeilned SANE PRS2 , 1o,

982; 4¢oBR0siBdiB; of this class can be prepared by the methods disclosed in U.S. Patent
Application Serial Nos. 10/909,706 and 10/909,709. The noble metal component is
added to the catalyst/additive compositions by any method known in the art e.g., ion
exchange, impregnation and the like. The metal component may be added to separate
particles of the catalyst/additive composition or, in the alternative, to particles of an
integral catalyst incorporating both the catalyst/additive composition and the FCC
cracking catalyst. Suitable sources of the noble metal and the optional stabilizing
component include aqueous solutions of nitrate, chloride, carbonate and sulfate salts,
amine complexes, and the like. The salts or complexes are used in an amount sufficient
to provide at least 0.1 ppm of the noble metal, measured as the metal, in the final
catalyst/additive composition, Thereafter the composition is dried or calcined to remove
volatiles, e.g., drying at about 100°C to about 250°C for up to 24 hours or calcining at
about 250°C to about 900°C for up to about 12 hours .
[0074]  Another class of materials useful as the reduced nitrogen species component of
the NOy reduction compositions in the present invention include Cu-containing zeolite

NO, additive compositions such as those described and disclosed in U.S. Patent Nos,
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4,883, 783; 4,904, 627; 4,957,718; 4,957,892 and 4,963,520; the entire

di scl osures of which are herein incorporated by reference. The conpositions
further conprise at least 0.1 ppm neasured as the netal, of one or nore of
the Platinum G oup netal, preferably Rh or Ir. The noble netal is
preferably 10_to 10000 ppm nore preferably 25 to 5000 ppm and nost
preferably g\gggg&ég%' Zppm In a preferred enbodi ment of tAFEUSMME on,
conpositions in this class include at | east one netal -containing spinel
which includes a first netal and a second netal having a val ence hi gher
than the val ence of said 26 WO 2006/ 104612 PCT/ US2006/ 006543 first netal;
and at | east one conponent of a third netal other than said first and second
netals and optionally at |east one conponent of a fourth netal other than
sai d firs#980,6€cand4.art3I%hitha emipt alis|oswhepeiwhichaird Hekdin dnavetoedted 8y one or

nmore of the.. tin G qu tals, with additional netals selected fromthe
or oup. conaraiFo DT, S AP sobdghisT s R rouE el S et o o,

t he rare garthtahgtuatusg ofafiM 5, XEM-Els ZShetEaiSM-and Shéap dZ$ st hSmessal i s

sel ect ed t he grou onsi sting of .iron, nickel, titani um hr om um
mamganese,Eé 0 ai1}°f£5g?ﬁﬁ%i“ﬂmate% :Ygg Z%PBWGW,a“ﬂrﬂlSgl?ﬁé%?}ﬂﬁmrﬁ‘ﬁ?ti‘%ﬁgg,to vanadi um
and m xt ut@s atden eefal oFbef gebibyy equivlent tb bSlkasiBiahali-so ML CLb&oseepnd net al

is Al, the third netal i?, at | east one of the rare earth metals, of which
Ce i s mostOfrerdi e ety WhishSPmBTICHE THHE" PITRTSR @hices SupPRRepht s,  of

whi ch Rh ggpid el RoRH&TRY HRd.is aNddt kg, ot s, bR 8k 4n8 mRLEGE @dchff om the
group consisting of vanadium iron, nickel, manganese, cobalt, antinony and
m xt ures PKEDH Rh poly7 e weble g1t erelepbly sefin gh p@epr| rangisefun skt t he
reduced nigrp $HB6d c 1vOf: s +hedLGLd Ltdons in the
present i nventgtl%g% i’n?:q E]%rel’ @g{égff}gﬁg{a éﬁnﬁ ig\gl%tmgorr%osliﬁt ioggﬁglt%%g@t hose

di scl osed picferalSfromaberit304ppbtw 250G npde ThahotNo gietal 09PONT Ban bardded 0/ 909, 709,

]E Ere . ﬁgﬁ i o gl %&411%0%1‘\!{0???i@glo%ggggéidé%@lii&g fiﬁ'%fse. ﬁ»gﬁemsro%r ROE@h ed, Y, 9‘7‘%“3% ence,
nprising at leas .1 ppmof a nobl'e netal conponelit "sél ected from
t he groupby@aonsiegbidngnoin Bt the Bd,e. &jhion lekchaRer, 1@8reg@midn Red a}!radlil{ti xtlhe es
;[ Ee[ ﬁgf anﬁ{’}ﬁ% o ?aﬂnﬁlagrpﬁea%déa{l It:ﬁgwe;r%%lé'%g)gio? t0m31t g‘ilterqg%l?gngﬂtontos R rz%ghetg ably used
particles, Suitable sources of the noble metal include aqueous solutions of nitrate,
chloride, carbonate and sulfate salts, amine complexes, and the like. The salts or
complexes are used in an amount sufficient to provide at least 0.1 ppm of the noble metal,
measured as the metal, in the final catalyst/additive composition. Thereafter the
composition is dried or calcined to remove volatiles, e.g., drying at about 100°C to about
250°C for up to 24 hours, or calcining at about 250°C to about 900°C for up to 12 hours.
[0075] Still another class of materials useful as the reduced nitrogen species
component of the NOx reduction compositions in the present invention include
compositions comprising from about 25 to 80 wt% ZSM-5 and at least 0.1 ppm of a
noble metal component, e.g., Pt, Pd, Rh, Ir, Ru, Os, and Re and mixtures thereof]
preferably Rh or Ir. The noble metal component is preferably used in an amount ranging
from about 10 to about 10,000 ppm, more preferably from about 25 to about 5000 ppm
and most preferably from about 30 to about 2500 ppm. The ZSM-5 may be in the
hydrogen or ammonium form of the zeolite. The ZSM-5 zeolite may be used as a separate

particle additive or incorporated as an integral component of the catalyst. When used as a

separate particle additive, the ZSM-5 zeolite may be bound with a suitable binder to
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10, 000 ppm nore preferably from about 25 to about 5000 ppm and nost
preferably from about 30 to about 2500 ppm In general, the

catal yst/additive conpositions of this class conprise zeolites having a
pore size ranging fromabout 3 to about 7.2 Angstrons with a Si02 to A1203

nmol ar raty fl t han about 500, preferably Iess tt];a(q Specific
zeolites %@é@wfl!é@?ferite, ZSM 5, ZSM 11, beta, MOM 49,° oy g”r?("?gez‘??m\ma,

Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite, MM 22,
MCM 35, MCM 61, Offretite, A, ZSM 12, ZSM 23, ZSM 18, ZSM 22, ZSM 35,
ZSM 57, ZSM 61, ZK-5, NaJ, Nu-87, Cf-1, SSZ-35, SSZ-48, SSZ-44, SSZ-23,
Dachiardite, Merlinoite, Lovdarite, Levyne, Launontite, Epistilbite,

Grel oni ncr i

G snondi ne, ¢ rinite, Brewsterite, Stilbite, . Paulingite,
Goosec roégllirb'fltpg%ﬂlﬁ{er%‘i‘tf’@z Obrrmﬁrioﬁﬁqﬁ‘ree@ap{%@?@oé’l_ bgsy 133y # géﬁ L%‘E(ﬂnlﬂ’?res are
ferri era® condlifondD PRQGAEINAGE 2biREE| hatS20 016/ Q5 4BimidSMifca-adSlvink, 1, bet a,
MCM 49, mordenite, MCM 56, Zeolite-L, zeolite 0, errionite, chabazite,
cl i nopt3'|Ty4-PROSPIRAE\RBLMIXTHERE tg?al',eoéﬁppé'ﬁﬁﬁ’e? S‘Nagrég mALHE QPMPONEYt ©-Br ef er abl vy,

the zeQldyt &ich SasfBEAtmBFiIIdiBe, IO BEMNdORS Heﬂtoﬁﬁ&oc{tﬁﬁﬂgi@e,vﬁnﬁhh& his, cl ass of
materials may be stabilized with a nmetal selected fromthe group consisting

of G oupuning, Ailicy,silicg-alymyp, raygearth grgdes\ypghgs lapthana, tpngtion mem! oxige VA, t he
Lant hani,de,s985di£$irnid, B e daAte GxilRPY 6y AT A ' rican

Chem cal .Saosci etly, HA(\ZI]]l and I’;I X qur es Xlt h’e%reuf . IO%H%L .%Lﬁg%g%]r éﬁésmgqn@(%i ment ,
conposibefigngxidas, arsycredageerorgipd &5 a pangponkrss thefaddiive compasitame Whabi | i zed with
a netal A L1/ ! e t [ ries of the
Peri od%éeirésg{ne&e%%ﬁgat%é(ltgacrn{ééﬁl{e ﬂ%éfﬁg %la\gm@?gggﬁlgam&g& rl.l[pir.ﬁt\g eaf%?uet nmet al bei ng
| ant hamitn ofathend 3N zeohegmBisbaimeopbrated iatedtheicxdcliimgscatahyat elohg with i s al so

wthin cope_of th ent invention that,conposjtions In accordance
wth t ﬁ?)rrs&%gﬁ%]sag C(a)tg lyﬁla'fqgtlg 5%?3“ r?aci/onﬁ%n\{lée) %lbllg nln%édtrh\e/:\,ilq%glﬁl &@lgfscl w]i ng anount,
e. g. upyficllgkontin2h adbiti%h toothe ASWRS adoliaf co@pongnt, | YHr RBESYReslitodi ¢ Tabl e,

with the stabilizing metal preferably ,E{ei ag Cu. Catal yst/additive
conposiPMERLCTKY Mafi*scoRipRientee: HumBe Py Rifa: HE FTHSEES aPdtibsed in U S.
Pat ent [af¥pih, ©akii0RN nRed iofldeNakeh ad D00 ZifQRi2REH 4ALERse’Ode, TSupNODI e net al

conponent is added to the catal yst/additive conpositions by any nethod
known ilH oRigespychas gagnesaHn and barlum oxides, clays such as kaolin, and mixtures

thereof, and a binder material, e.g., alumina, silica, silica-alumina, aluminum phosphate
and the like, and mixtures thereof. The reduced nitrogen species components in this case
can be prepared by using the methods disclosed and described in U.S. Patent Application
Serial Nos. 10/909,706 and 10/909,709, the entire disclosures of which are herein
incorporated by reference, wherein the zeolite used, other than a Y-based zeolite, is ZSM-
5 and other components of the composition are used in the amounts required to provided
final compositions as described hereinabove. The noble metal component may be added
to the ZSM-5 containing zeolite by any method known in the art e.g., ion exchange,
impregnation and the like. The noble metal component may be added to particles of the
ZSM-5 containing zeolite or an integral catalyst incorporating both the ZSM-5 containing
zeolite and the cracking catalyst. Suitable sources of the noble metal include aqueous
solutions of nitrate, chloride, carbonate and sulfate salts, amine complexes, and the like.
The salts or complexes are used in an amount sufficient to provide at least 0.1 ppm of the
noble metal, measured as the metal, in the final catalyst/additive composition. Thereafter

the composition is dried or calcined to remove volatiles, e.g., drying at about 100°C to
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exchange, inpregnation and the |like. The netal conponent may be added to
separate particles of the catalyst/additive conposition or, in the
alternative, to particles of an integral catalyst incorporating both the
catal yst/ad i osition and the FCC cracking catalyst. Suitable
sources of %\2 Zgﬁgﬁﬁwrret al and the optional stabilizing YORCAPSStHhel ude
aqueous solutions of nitrate, chloride, carbonate and sulfate salts, am ne
conpl exes, and the like. The salts or conplexes are used in an anount
sufficient to provide at |least 0.1 ppmof the noble netal, neasured as the
metal, in the final catalyst/additive conposition. Ther eafter t he
conposition is dried or calcined to renove volatiles, e.g., drying at about
100C t o aaveiit25959&rfuprto 3p hoers 21 cHeining abrboshl ¥ fRitngbat 90%1€of9t uRB0E t o about
900C for fj,p to about 12 hours . [0074] Another class of materials useful as
t he reducea ni trogen species conponent of the NO, reduction conpositions in
t he presefid76Invefitr onterinls ISu@éle@ﬂihﬁaﬁdmeﬁulﬁ@gzresﬁemecom@nela@ﬂﬂteN(éx

F R S e R L A o el
di scl 03 glr@mlpoﬁxtlm vghxchxrcempmeemmr :as'rss:@mmliylaf gglohbys ?mc?a;f? emﬁgiﬁchxhecgdmeg ?I L ; Ihe
o1 uctur o0 PoERE: SHURERE s505RN G5 SRS Bl SA % A Pigthe Y

ZSM 48, middrdribed inded eakeniialed, o¥s @32,1‘@ felg:tiBe bl iang basealdnloecaje§ ef al um na

rati o of 20to 1 Cu, nmet a referably ui val ent to at | east
one hal f - #ofl&@mgy © %(i@tfpof?me%fcthe E’?Hﬂdé) Toloshas b afgg*rfwlg

conposi ti Dal"t'éqt Mr 8, b@r Wﬁ&bbsﬁ(ﬂe@ﬁmélmtle&}cﬂioﬁmltﬁfes duchnohd @isdr&*e@hncponpound
that is Pt, and Re and mxtures t hereof, preferably Rh

or Tr. Th@si"i&’bﬂ an ﬁ%@ alf atgng I\{ﬂse? &ablTyAnd Sethoi 1 | apigstorlnivieva gt k- Frbm about
10 to abOM}UO,lQ;}D@Q RPHscIBRE &nBr b&habhy pTOMi@hAishai2ydiiearRovs, %P0 ppm and

nmost preferabl’y from about 30 to about 2500 ppm The noble netal conpound
can be ad¥¥ep87eandhe detpisdiasidoatlidi emrositdnsavgh aedierpsséand Aestilgd, Pat ent

Nos. 4, 98{%19@% qnﬂJsgﬁtegPﬁ%s Q%B@@)@,%@@QF 4“9‘“59‘@@2'5[]1%4*@16‘551498 , ion

exchange I npr eégnati on dbl'e “iret” be' added to t he
zeolite pé, |4w 41108brtheahbtdeotalbl@alduse:tgcacahysommpqs}n@nzm@:v firdher comprise at least

one rare earth metal, Ce being preferred, and one or more transition metals selected from
the group of iron, nickel, titanium, chromium, manganese, cobalt, germanium, tin,
bismuth, molybdenum, antimony, vanadium and mixtures thereof, of which vanadium is
preferred. The entire disclosure of each aforementioned patent being herein incorporated
by reference. Catalyst/additive compositions in accordance with this class of materials
further comprise at least 0.1 ppm of a noble metal component, measured as the metal, that
is Pt, Pd, Rh, Ir, Ru, Os, Re and mixtures thereof, preferably Rh or Ir. The noble metal
component is preferably used in an amount ranging from about 10 to about 10000 ppm,
more preferably from about 25 to about 5000 ppm and most preferably from about 30 to
about 2500 ppm. The noble metal component is added to the aforementioned
compositions by conventional methods, e.g. impregnation, ion exchange and the like,
Preferably, the noble metal component is added to the catalyst/additive compositions by
impregnation using an aqueous solution of noble metal salts.  Suitable salts include
nitrate, chloride, carbonate and sulfate salts, amine complexes, and the like. The salts or

complexes are used in an amount sufficient to provide at least 0.1 ppm of the noble metal,
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particles. Suitable sources of the noble netal include aqueous sol utions of
nitrate, chloride, carbonate and sulfate salts, am ne conpl exes, and the

| i ke. The salts or conplexes are used in an anount sufficient to provide at
| east 0.1 ppm of the noble netal, neasured as the netal, in the final

cat al ysyc?g%jp/té%\é@ecorrposi tion. Thereafter the corrpo?gtoﬂég%d(% dried or

cal ci ne vol atiles, e.g., drying at about out 250C for
up to 24 hours, or calcining at about 250C to about 900C for up to 12 hours,
[0075] Still another class of materials useful as the reduced nitrogen

speci es conmponent of the NO reduction conpositions in the present

i nvention i ncI ude conpositions conprising fromabout 25 to 80 w% ZSM 5 and
at least 0.1 ppmof a  noble netal onent, e.g Pt, Pd, Rh, It, Ru, Gs,
and Ré“eéﬁdledma%ttﬁ? daetiln g o [ f“aIpPaé"Fléﬁ*/&@) S)VQQHO'BPOS\WO“ TH&Cwalsire theet al  conponent

is pr %Bﬁ?é’s*?t'idﬁ (H&%H d)ﬁa%ﬂue@‘i@%é%vé a&gﬂlege frd%gﬁl&{%m%@oi@to%g?& 10, 000 ppm
nore preferably fromabout 25 to about m and nost preferably from

about 230°G &rapdai4 2506 Blpiﬂﬂklmh@aiz@ml%zi?at? abeuq%)OfCt‘]éor Upytdrabgeni2or  anmoni um
form qf khe zeolite. The ZSM5 zeolite may be used as a separate particle
addltlve or incorporated as an integral conmponent of the catal yst. \Wen used
as a [6®PFhr ateothar ¢lpss|of nsadetialsi wseful ahtheZ8McBd nidokert speniy cdyepdyenind with a

sui t abl c{) I\%Jerem%)\(/) cgt%Posx 10%0%16(;/11]5\9%16531%56(1 HSZO cé Oﬁéﬁg]t?lﬂgb?ﬂalpcc unit under

pal‘tICUCIu m crosphere ap
FCC candiidationXslp. W(EE@TWBQQI irideU Bi ]PuﬂmtAmsphmtmeO(WO(Hme&w eatitem na,

S|I|caaumna mn hosphat e and_m xt ures thereof. tionally, a
sui tatﬁjl'sé OFYPY 1% W@ﬁgoﬂgalf‘epa% CO‘p%‘F‘tﬁ?/ld@'ué e’%cem)n?‘ffé &flq ‘%)‘toé‘a1 kaol i n,
hal | 0)(:5#11?)@31‘[1()@1@%@d’lbll}econ&}irtsap@ﬂﬂ @i h&dic @ﬂmetsbﬁ:dlﬂ ki®) ceridinuaiided (iigial | ca,

silica-alu rare earth oxides such.as nt hana, tran5|t| on net al oxi des
such d¥thang rﬁaaes P PRYAtEr tﬁﬂr‘i‘d"eﬁ‘ﬁﬁ’ﬁgr(&émfﬁ‘?a&é algleRs InF PAEOE des such as

MagnesaHiNigH fheta 814D RS ASDupsBY 2 REIBNEFAh PE 4R TR SanaiRANGNt of the
addi tive conposition. Wen wused as an integral catalytic conponent of the

cr ackithRierd an @y st leaglpagprerious med gt c e’ ﬁﬂ)%l%f‘oglot‘}héo@s 50LRePilte will be
| NCOT Y AL 6 RNRO ak DB GHBCILAG, GAIALYRE oftl PR Mbiblieg cONVeNt Tonal catal yst

materials’in a’ conventional manner. The integral cat alyst will
[0078]  Another class of materials useful as the reduced nitrogen species component

include compositions such as those as disclosed and described, for example, in U.S.
Patent No. 6,117,813 the entire disclosure of which is herein incorporated by reference,
further comprising at least 0.1 ppm, measured as the metal, of one or more Platinum
Group metals (e.g., Pt, Pd, Rh, Ir, Ru, Os, and Re), preferably Rh or Ir. In general the
composition includes (i) an effective concentration of at least one Group VIII transition
metal oxide, further including at least one or more of the Platinum Group metals,
preferably Rh or Ir, (if) an effective concentration of at least one Group IIIB metal oxide,
(iii) an effective concentration of at least one group IIA alkaline earth metal oxide, and,
optionally, (iv) microspheroidal alumina. The preferred Group VIII metal is Co, the
preferred Platinum Group metal is Rh, the preferred group IIIB metal is La, and the
preferred Group IIA alkaline earth metal is Sr.

[0079] Ut is within the scope of this invention that the reduced nitrogen species
component of the NOyx reduction compositions of the invention will comprise at least one
reduced nitrogen species component or any combination of reduced nitrogen species

components as described hereinabove.
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typically contain, in addition to the ZSM5 zeolite conponent, USY or REUSY
zeolite, a conventional matrix conponent, e.g" alumna, silica-alumna,
rare earth oxides such as |lanthana, transition netal oxides such as
titania, zirconia, and nmanganese oxide, Goup IIA oxides such as magnesi um

and bariunto§kgﬁavu&%gys such as kaolin, and m xtures Eféﬁﬁgﬁﬁgﬁ %Sblnder

material, e.g umina, silica, silica-alumna, alumnu and the
i ke, and m xtures thereof. The reduced nitrogen species conponents in this
case can be prepared by using the nethods disclosed and described in U S
Pat ent Application Serial Nos. 10/909, 706 and 10/ 909, 709, the entire

di scl osures of which are herein incorporated by reference, wherein the
zeolite used, other than a Y-based zeolite, is ZSM5 and ot her conponents of
the conpodP80bn aleaceasdence withtee prtsuhingentien N @etsdeasiopcomperiipns fisafel|

conposi ti gQRs; riRe el y be
B i L
i on exchan@é\ﬂwumpwégneﬁwﬁmlmmmkthemImmemwmhemmqu@ahvmmhl&bnpmmmgt nay be
added to R of the . ZSM ont ite ar.an |nte r cat al yst
cor por at iy bt b Prat e VIR Ay N2 Rl Bl I A cat al y ot
Sui tabl e smmmme$mﬂhnmhadmﬁmwehmﬁuahmumcbmﬂgmaquemu&ﬂu&ﬂhUﬁo@m$paﬂ$n|trate

chloride, carbonate and. sulf am ne, | exe and the The
Shl s o CORBPERE. R pEde B ar bl RO PE BHE FotPbor 4 BECI east 0.1
ppm of t hecrachillceraly®t dlentarpasiebedie@sy dshepdiet ghuticles) drhe tel M@knative, the

catal yst/addi tive conposition. hereaIter the conposition is dried or

cal ci ned tOMPEMBPES RIS tp & craeiye, cagnit iryensien é?Bbiﬁa”mé’@teB or 3snqke)

2006/ 104612:oPCT14R2 006 Q08RAD e, alRUL pZaltedf aﬁbdamn&@ A 1H3OHKSRE, @Rl ci ning at
about 250C to about 900C for up to 15 hour s. 076 Ot her materials

suitabl e &@mWW@nﬁeﬁU@édﬂhtﬁﬁW§@ﬁ(§ﬁ@@$@@mdﬁﬁﬂ ¢ ciradatexcragkiduct i on
Conpos't'QQ&baﬂmtﬁﬁngﬂﬁﬁﬁ%ﬁmh@ g@%gse R A Redsde, but are not limted to,

conposi tions e zI'nc catalysts such as di scl osed and
descri bed @#81jU. S\IOPwtiecmonN@mpﬁmﬁm@ 06 8; commppnambijierbelsard ghiGrallyedetni on

addl tives tﬁyﬁltlsdguﬁ/%nt%nsl tf?ésﬁqm oqn%rt%?ei% !f‘l%ﬁi 1a\pe pgtlc P% Z%rﬁ;fflgoent t% 988, 432;

NO, reducti o Irves
permit the composmons to be circulated throughout the catalytic cracking unit

simultaneously with the cracking catalyst. Typically, the NOx reduction compositions
and components thereof will have a mean particle size of greater than 45 pm. Preferably,
the mean particle size is from about 50 to 200 pm, most preferably from about 55 to
about 150pm, and even more preferred from about 60 to about 120 pm. Particles
comprising the invention composition and components thereof generally have a surface
area of at least 5 m*/g, preferably at least 10 m*/g, most preferably at least 30 m*/g, and a
Davison Attrition Index (DI) of 50 or less, preferably 20 or less, most preferably 15 or
less.

[0082] When used as a separate additive, NOy reduction compositions or the
components thereof are used in any amount sufficient to reduce the NOy emissions
present in the FCCU regenerator relative to the amount of NO, emissions present without
the use of the NOy reduction compostions, as measured by conventional gas analysis
methodology, including but not limited to, chemiluminescence, UV spectroscopy, IR
spectroscopy, and the like. Typically the amount of the NOy reduction compositions used

as separate particle additives is at least 0.01, preferably at least 0.05, most preferably at
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an el enment of G oup 1118 of the Periodic Table such as disclosed and
described in U S. Patent No, 5,021, 146; perovskite-spinel NOS reduction
additives such as as disclosed and described in U S Patent Nos. 5,364,517
and 5, 565, 181; oxides of My-Al and Cu, and optionally Ce, as disclosed and

describ i nternational Publication No. WO 9 COP’}@ X ,
hydr ot af“gw@ﬁﬁé’&% catal yst conpositions such as disc ose%g%%@%g%scri bed,

for exanple, in U S Patent Nos. 4,889,615, 4,946,581, 4,952,382, 5,114,691,
5,114,898, 6,479,421 Bl, the hydrotalcite based catal yst conpositions may
further conprise at least one rare earth netal, Cc being preferred, and one
or nore transition netals selected from the group of iron, nickel,
titanium chrom um nanganese, cobalt, germanium tin, bisnuth, nolybdenum
ant i mofAst O-aadiol MeaA@ LY Y WHQE. Preéreddy, theoNOwredediion zamdpditanssre pref erred.

The enfifg di i ?qgte;zl herei n

i ncor g%%cgl'?gg aﬁ%g&?ﬁg‘g}%\%g%? g?&fﬁgﬁi ti \?,elﬂg%ﬁ%g%?@% ([glﬁrsn E‘;%r?]“‘%!accor dance

wit h thhiSstoebag $0oft “ranéeveal rgore foeaferhldy fivonghois®! at aboeadt webfpiem of a nobl e

met al : ed as the netal, that is Pt, Pd, Rh, Ir, Ru, Gs, Re
and mcgﬁggggﬁglhgr@%ﬁ%ref erably Rh or Ir. The noble nmetal conponent is

pr ef er[d@f3y usWhen theaNOganedirtion angpostidne qine adrortordl@ tro abonto 1000 ppm  nore
preferably fro bout 25 to about 0 m and S ferably from about 30
to ab %l<%§§66m6€%51 4 ﬁ‘?é"l%eoﬁ?népoﬁﬁ?ta(%otg%ﬁ%glﬂg%tcatia@?tahﬁgégt & ‘Fitég;’af or enent i oned
conposbinpedisoria il opwany bonal et hieslsy ofatdeast 0101, p@RakLIQ8: lchs®D.08XChange and
the Iike, gﬁ%f eraIbI .theq (r}ﬁbLe ‘mﬁtal C rrgonent i s added to the

cat al y¥f HEHOIX# ?:aéﬁ%(ﬂsﬂ (oot %g}a?i”?ﬁp%@w EABRPSUST ng HFrablgudtfus sol ution of
nobl e N®} @kucsigh tSmpoSHichatl [BbS@kl $n ANGhdtdEranfihl Fakabot. OF iods, wear bonat e and
sulfate salts, am ne conplexes, and the like. The salts or conplexes are

used /P HPSt AFRSRIFRLY &QRTabetEh?S PorbeH O W ratvendaie Prsferabip forabope nobl e net al |
31 VD@QQ%&Q@_@JV\Qcyﬁ@f{h@%w&{g(@@%%m%@g&{_ed as the metal, in the final

catal yst/addi tive conposition. Thereafter, the conposition is dried or
cal ci rle@84 o rlbfrovier wohiatthe eeppeefidhe ingestionghatal dseuene1BOCedycddout  250C f or

P 0 BACROHT 8 U 1658 Gle" et ARRH p200 EnEH VG Yo WL 0 about 12

reduction compositions of the invention may be incorporated into the cracking catalyst as
a component thereof as described hereinabove, while the other component, ie. the NOy
reduction component or reduced nitrogen species component, respectively, is used as a
separate particulate additive as described hereinabove.

[0085] The relative amount of each of the NO reduction component and the reduced
nitrogen species component to be used in the NOy reduction compositions of the
invention will vary and is not restricted to any specific ratio. The amount of each
component will depend on such factors as the specific unit regenerator design and
operation, the mode of operation, the extent of maldistribution for either the catalyst or
the gases, the oxygen levels, the presence of any other additives, and the desired NO,
reduction to be achieved. In general, however, the components are used in a ratio of 0.02
to 50, preferably 0.1 to 10, most preferably 0.2 to 5.0. Separate particles of the NO,
redyction compositions and/or components thereof may be added to the catalyst
inventory in any conventional manner, e.g., with make-up catalyst to the regenerator or

by any conventional method.
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[0077] Another class of materials useful as the reduced nitrogen species
conponent include NO renpoval conpositions such as discl osed and descri bed,
in PCT International Publication No. WO 2004/033091 and U.S. Patent
Application 72675, the entire disclosures of which are herein

i ncor por at ed\%ggﬂéﬁgl%ﬁﬁgnce. Such NO, renpval conpositi onsPGEHEIYY0¢543
conprise: (i) an acidic oxide support, (ii) ceriumoxide, (iii) a

| ant hani de series elenment other than ceria and (iv) optionally, at |east one
oxide of a transition netal selected from Goups IB and 11B of the Periodic
Tabl e, and m xtures thereof and (v) at |east one precious netal selected
fromthe g consisting.of Pt, Pd, Rh, Ir. , Ru, Re and.m xtures

t her eof , o@%ﬁi ch&%ﬁ1 §ﬁtag'3?a“§r%°tlﬁ? PP [“62’5%1 PIRAGE HErtﬁ‘EIC&&lmH}g materi al s
useful as hhatdredcedyly hiegann SMREINES EOMRXNEeNataljsnldude NOQIRRSiidi ons such
as those as di s,clos&d angqsdgscri bed, for e,xa}n%lre, in US Patent No.

6, 117, 813 TOHWORHLHSy SXAMOEF Q5 18 Bher i !s I8CINdsy BF RCPRcBIgbTRg el s

ref erence, pasdduéit heitC29PLS, COBodbusti6@ plondcks BRI oﬂ%aﬁﬂl‘.)&@edal%blehﬁetﬁm al, of
one or nore Platinum Goup netals (e.g., Pt, Pd, Rh, Ir, Ru, Gs, and Re),

pr ef er abl ysuRhaglatum, pigclgetsaesliutirion adiesi commeninklontes SOxpddinvess fect i ve
concent r at §0f .0 RO R"CESLon AR gu?ﬂnﬁ]ng Isg#leal}, naksdiddh %@%s IRt @(%ttoﬂ?( Ed&eind Ur ther

including at |east one or nore o _ inum Goup netals, preferably Rh
or Ir, (iijdddiveefshercas thesecispreided malkiigma,ofadeghbbighsp aired Gcbager] O¢Baret al
oxide, (ikl), & ti ntyatio _at > JL,A al kal i ne
earth neta ﬁ%ﬁ??ﬁ%%éﬁ& Hf‘gpﬁ%gﬁgff’l 154?“3%5 @?Igﬁ’y%‘lép thﬁ’oﬁ%g %aﬁ%gnzg% The
preferred &9up TMedel otinetcahpirsnt©maybhesedpn gfeercoedtnimat amaumsGr oup nmetal is Rh,

the prefer gro [ tal is La, and the .preferred G oup lIlA al kaline

carth et alob 375 Ry b T el wivent e EEionE B Rl SHORIS: Chat « ne

reduced ni &miﬁg@m rSlpeet €9m @lﬁﬁﬁ(}ﬁi@ﬁﬁs @feraitiggiﬂ\?hetéﬁguﬁblhmmﬁﬂmshédeons of the
invention will conprise at t one reduced nitrogen species conponent or

any. combi nSFRGIECOPUAINEGE" M NPo GBI SRUBTEES SSEbHOM LS RSt SEHFbod

her ei nabovp. sod¥ Ms2006/b0460% Rialvd/R2B0 600684 3sing ARB8AlenlithaReGatifklance Wi th

the present invention, NO reduction conpositions useful )
catalyst, at constant conversion, using the preferred form of the NOy reduction

compositions of the invention as described hereinabove. WOy reduction of 10 to 90% is
readily achievable with the process according to the invention, as shown by the Examples
below. However, as will be understood by the one skilled in the catalyst art, the extent of
NOy reduction will depend on such factors as, e.g., the composition and amount of the
additive utilized; the design and the manner in which the FCCU is operated, including but
not limited to oxygen level and distribution of air in the regenerator, catalyst bed depth in
the regenerator, stripper operation and regenerator temperature; the properties of the
hydrocarbon feedstock cracked; and the presence of other catalytic additives that may
affect the chemistry and operation of the regenerator. Thus, since each FCCU is different
in some or all of these respects, the effectiveness of the process of the invention may vary
from unit to unit,

[0088]  The scope of the invention is not in any way intended to be limited by the
examples set forth below. The examples include the preparation of oxidative additives
useful in the process of the invention and the evaluation of the invention process to

reduce NOy and gas phase reduced nitrogen species in a catalytic cracking environment,
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in the invention process may be used as separate particul ate additives
circulated along wth the cracking catalyst inventory, or alternately,
incorporated within the cracking catalyst as a conponent thereof. Were the
NO, reduction conpositions are used as separate particulate addi tives, NO
reductio s and reduced nitrogen species qggﬂg rising the
NG, redug??gﬂﬁggﬁg%5|tlons may be addeg to Phe FCC crac f%)&%égg?yst ]
inventory independently as separate particles, or in the alternative, the
conmponents are added to the cracking catal yst invention physically adm xed
or blended into a single particle additive. In a preferred enbodi nent of
the invention, the conponents of the NO reduction conpositions are added

to the cjrcul t|n cklng catal yst invento i ndep ent|ly as separate
partici@%ﬁ g 5@6@c@?dﬁ“ﬁ%ﬁﬁ8§¢??dﬂgté¥a@W@“§ \S5ff8ht1€et her eof are

gener afoluywmg@ cifﬂ: examgle@a@sg,mh TRY @akipRs alelyiddn@s ficMcafludatiddseres and wil |
have a particle size sufficient to permt the conpositions to be circul ated

t hr oughedtventins. dhshaws %ur&e&&@ﬂd@wm thagthgpireaidois IOy liRitehiotthe cr acki ng
catalyﬁkmﬁgwghggkg%ﬂhghﬁeggmﬂgghmt|on conposi tions and conponents ther eof
wi |l have a nean particle size of greater than 45 m Preferably, the nean
parti cl0898i zeAll paftp gnd abwentags in sh@ampies mesrelbreterraphipddrrgnthabout 55 to
about r b b um

Part i C%p%QHEthﬁrleeﬁYnf‘g“to”g&F‘d nv%n 1 Ec%bosﬁlglgnso?tél%%enﬁg ch af g)”évneélggx t her eof
gener abrlgss hmmevxa $a¢1ﬁateHoxwvea aﬂ)bal“&'tantl @asentfgesmghe p?{%f}'éﬂ‘sabw lat | east 10
of 90 BF B B Brbadliy 55 r Pedt s sl opfen SR ABTY 18 brhees. [oose)

When Uﬁﬂ@sﬁﬁmﬁm&ﬁ@&ﬂﬁ&ﬁ addltlve NG, reductlon conp05|t|ons or the

e oot OS] pr GRRE ke EoeDRR Ry B b el o oo hgtnt of NO

em ssi ﬂ%@t&e@fe@&l@iﬁg apdrii@iidr set BE p atied, hhe ONQeaﬁL@QLt(éhﬂlﬂﬁnﬁgﬂp@éhﬂi ons, as
measur ed by conventlonaI@gﬁs ysSi s nethodoloq i ncl udi ng but not
i ni t eHAPD0r REFERPETNISHES %htewé}yw@&%%e*dws YIRS PRt HEESpy, and the

like. Jypigal elnX/ b e AR Rt witin Maﬁla}@a ih@sHied ARNuERIRORInteRNSised as
separate particle additives is at |east 0.01, ‘preferably at |east 0.05, nost

pr ef er abylrgnggtso recited.
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33 WD 2006/ 104612 PCT/ US2006/ 006643 |east 0.1, wt % of the catal yst
inventory. Preferably, the NO reduction conpositions are used in an anount
rangi ng fromabout 0.01 to about 45 w 9% nost preferably fromabout 0.05
to about 30 % and _even nore preferably fromabout 0.1 0 of the
cracking cata ﬁpﬁ/ﬁ}q%\%ent ory. [0083] Wen the NO, reducti g&%@%@%@%ﬁons are
incorporated into or onto the <cracking catalyst as a separate conponent of
the cracking catalyst, the NO reduction conpositions will typically be
used in an amount of at least 0.01, preferably at |east 0.05, nost
preferably at least 0.1, w %of the cracking catal yst conposition.
Preferably . reduction conpositions will be used in an anount

rangi ng fr%%%oo.m to 45w % nost preferably fromabout 0.05 to
about 30 wt % even nore preferable fromabout 0.1 to about 20 Wt % of the
cracki ng catal yst conposition. [Ooglé(]@%‘k%rﬁ al so within the scope of the
invention that at | east one NO re I conponent or at |east one reduced
nitrogen species conmponent conprising the NO,. reduction conpositions of
the inventi may _be i.ncorporated into the cracking catalyst as a conponent
ther cof - as (0EET T BRGeTBEr RSBy B ChimEr 8 Remet Rt LD E T PeEhe NO
reduction gerRRASH foﬂbwﬁ:e@é%Séi dMdrTdeqEIn SRRS| 8§ vaQPOREHbund BEPEEhEVeElY, is
used as a separate particulate additive as described herei nabove. [0085]
The rel ati veVegsiththebbleadsdnvigy 1§00« qidsripidgnetion Thokisahaias caleited et r educed

ni trogen SpeGl gs3BaMPONEMIcihQ DEnd'38k1ifed Bt Mo & 8HUGL! B3OSk ons of

t he inven'%l on wll vary and is not restricted to any specific ratio. The
anount of eacthirre¢ gnpdreinttesiind theie ferdd. obibsiilsticakasromaslad thike tispewithi ¢ uni t
regenerat Orso.ﬁ'@%\!agﬂ iy a%ﬂ)((’)e’ﬁaftol‘ ?@hoxﬁi‘ﬁ}d@&eca%ﬁne%%@"cof&r 1 NS xRt of

mal di stri bution tTor elther the catalyst or t1he gases, the oxygen levels,

t he presendcieisbéd moducbtdneuned@di’t Cues, and the desired NO  reduction to be
achi eved, In general, however, the conponents are used in a ratio of 0.02

to 50, preferably 0.1 to 10, nost preferably 0.2 to 5.0. Separate particles
of the NO, [0098ductA empoeitiposohprisigs @Y6o0ihe Cargretnepddsietreeitee 0 %orchy dne¢ added to
the catal y%})% alumina sol was prepared by forming an aqueous slurry containing 1522 g of
aluminum chlorohydrol solution (23% solids), 1138 g (dry basis) of the Cu-exchanged
ferrierite and additional water in an amount sufficient to make a slurry containing about
40% solids. The sturry was milled in a Drais mill to an average particle size of less than
2.5 pm and then spray dried in a Bowen Engineering spray dryer. The spray-dried
product was calcined for 1.5 hours at 593 °C. The resulting catalyst/additive composition
was designated Additive A, and had the following analyses: 65.1% SiO, 32.2% Al,0s,

1.49% Cu, 0.12% Nay0, 0.1% K,0 and had a total BET surface area of 246 e/ g.
EXAMPLE 2

[0094] The activity of Additive A for reducing NO emissions from an FCC unit was

assessed by using the Davison Circulating Riser (DCR). The DCR has been described in

G. W, Young, G. D. Weatherbee, and S. W. Davey, “Simulating commercial FCCU
yields with the Davison Circulating Riser (DCR) pilot plant unit,” National Petroleum
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inventory in any conventional nmanner, e.g., with nmake-up catalyst to the
regenerator or by any conventional nethod. 34 WO 2006/ 104612

PCT/ 1JS2006/ 006543 [0086] Other catalytically active conponents may be
present in the circulating inventory of catalytic material in addition to
t he craq%bggmﬁakgiyst and the NO, reduction conpositiopssfrRiRses of such
ot her material's i'nclude the octane enhancing catal ysts ased on zeolite
ZSM5, CO conbustion pronoters based on a supported noble netal such as

pl ati num stack gas desul furization additives, comonly known as SO
additives, such as DESOX") (magnesium alum num spinet), vanadiumtraps and
bottom cracking additives, such as those described in Krishna, Sadeghbeigi,

op cit and Scherzer. Octane Enhancing Zeolitic FCC Catal ysts, Marcel
Dek kerRefgiy Agspriationg G8PRASBRY- 8¥8§-528300 119 G.Thidse ‘Gther “Reatigdhent s may be

used Q. LRBLL Spwtda%gﬁ%:t RBHR R i%oﬁ%?ﬂ,abmfbforgf’f ﬁzc@hﬁ)(lfl éiﬂﬁé@f{ esent .process

is to mnmze the over content o em ssions released froma FCC

pr oc esradpes: atiendg dnd Tacthetogy olgeh eldageecomdylstl dviitehedielr. Eder $tudiegni fi cant
reduct. ' em Ssi higve i.ng. the,presen rocess, in
sone 33§§§%¥ﬁpf¥83%kﬁ%%ggﬁ@gﬁﬁwgfﬁ€§%{§”t %&%%E%m%g§gﬁﬂgﬁ%ahéptonventiona
cr ackimgstedahal 9931 SR Ocidsioant-Sc onhickrdek@iptionss heretrhmcpipefaeriried f orm of t he
NOR reduction conpositions of the invention as described herei nabove. NO
reducﬂ?%ﬁmS? 10 to 90%is readily achievable with the process according to
the invention, as shown by the Exanples below However, as wll be

understood by the one skilled ip the catal rt,, the extent of NOT
reduct@g%ﬁmﬁlﬂ“&Ebéﬂ&“BW”%@EﬁD?gdfﬁﬂﬁmﬁggE%%éﬂ{‘?%e“@gﬁﬁ8§ﬂ §tdh and anount

of t heyina@didibas® Ot theZ288herhide 8€ $iitlnhaRgercheormpBRthg hivoshd.clthdé he FCCtJ is
oper at ed incLudin% but not limted to oxygen |evel and distribution of air
in t hd¢Bgendtinyrehaigsd with stblydptdEpt P # Af an nwilibsyerrapckingreatabist i pper

oper atﬂaa?{(ﬂgqmp%g&ﬁ&esmawm treRPar I, @nd UHe PSPt &8iallantieor Nydr ocar bon

f eedst ock“cracked; and the presence of other catalytic additives that may
affectPtthﬂ@ed@h@hil%itoﬁVl‘%ﬂﬂefo@gﬁat(@%mﬂ@fﬁqnhﬁmé@éﬂé@fala@iﬂlﬁ Thus, since each FCCU
is different in sone or all of these respects, the effectiveness of the
process of the invention may vary

Table 1

Properties of equilibrium cracking catalyst used in DCR tests
as described in Examples 2, 8, 16 and 20.

Si0, D wt% 49,01
Al.O3 D wt% 46.05
RE2O; Cwh% 1.44
Na,O C wt% 0.32
TiO, P wt.% 1.16
CaO D wt% 0.14
Ni . ppm 1060
\'4 . ppm 1760
Sh  ppm 270
SA : mg 174
Zeolite @ m'g 127
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fromunit to unit. [0088] The scope of the invention is not in any way
intended to be limted by the exanples set forth bel ow. The exanpl es

i nclude the preparation of oxidative additives wuseful in the process of the
invention and the evaluation of the invention process to )., and
gas phase r¥878¥d%iltrogen species in a catalytic crackiﬁ%ﬁgggﬁﬁgﬁﬁgnt. 35
WO 2006/ 104612 PCT/ US2006/ 006543 [0089] To further illustrate the present
invention and the advantages thereof, the follow ng specific exanples are
gi ven. The exanples are given as specific illustrations of the invention. It
shoul d be understood, however, that the inventionis not limted to the

specific d i set forth in e ex es.. [0090] Al .parts and percentages
in the exa t\?elgs%gce\/\%l o égotnﬁe &Ewgliaﬁ@b’_@?wl{ w%egbge(?fﬂpagegtfgb%ﬂf% %erring to
sol i d nmat efi788 “CONRP&ittdn9desd SIPREBNLEAE HRNCHIR MM%}Vl@iegQﬁeamM@hﬁ@ﬁodOt herw se
specified. However, all parts and percentages in the exanples as well as

t he renaid@@ﬁldﬂwﬁﬁé”@ﬁé&Pﬁﬁ%Q?ﬁQﬁﬂpéﬁéﬂﬁﬁﬁéﬂﬁﬁbﬁﬁéLé%d%6§k{YBnP§ﬁe nol ar or
by vol ure an'dG!ﬁﬁ%d&ﬁlpab%éﬁhﬁmgtfaf ﬁgactwa%ﬁ%hd 'ﬁ&e&&l{%{hm ofiGBfepf nunbers

recited in the specification or clainms, such as t representing a

parti cul arDwétg ©fclipPogetane Stcaming efFlofl Grerdgigr@racldemdptiiyens Deptiiveiigal st at es
or percent 1S d ] to | iLter i d Ly, hefein by

ref erence %rgelsegtflke?#v&%@&%g%ﬁ} Pgr?ltﬂér?%enrg @e{%lysltéri}ﬁ E ﬁ%ﬁé Sgﬁgﬁ%egﬁ%é’,p'i E@l udi ng any
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MKS Online Products.

Table 2
Properties of the feed used in DCR tests described in Example 2

API Gravity @ 60°F 25.5
Sulfur, wt.% 0.369
Total Nitrogen, wt,% 0.12
Basic Nitrogen, wt.% 0.05
Conradson Carbon, wt.% 0.68
K Factor 11.94
Simulated Distillation, vol.%, °F

5 307
20 691
49 782
60 859
80 959
FBP 1257
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hours at 325C. The cal cined blend was slurried with 9000 g of water
maintained at 80 C, stirred for 10 mnutes and then filtered. The
filtercal ce was washed three tines with 80 C water, dried at 100 C for 10
hours and then calcined at 593 C for 1,5 hours. The finished product

cont ai nedyg. » ﬁé) ,[00931 A conposition conprising 65% of the Cu-exchanged
ferrierite, }c ay and 20% al um na sol was prepared ‘BVUﬁ”(?P(H‘?”ﬁgman aqueous
slurry containing 1522 g of alum num chl orohydrol solution (23% solids),
1138 g (dry basis) of the Cu-exchanged ferrierite and additional water in
an anount sufficient to make a slurry containing about 40% solids. The
slurry was mlled in a Drais mll to an average particle size of |ess than
2.5 amand then spray dried in a Bowen Engi neering spray dryer. The
spray-dried product was calcined for 1.5 hours at 593 C, The resulting
catal yst/additive conposition was designated Additive A and had the

foll owi ng anal yses: 65.1% Si 02, 32,2% Al 203, 1.49% Cu, 0.12% Na20, 0.1% KO
and hatP0a6}t ot dhe BEIR swasf d&féveérf@ast@iﬁli@4®dnﬂtﬁ@iy EMMS?QEBIBiSEiOI&QditaThe activity
of Additjve A for reduci ssions _from an FCC éb was _assessed by

usi ng tHECEARREREH2 & el“élﬁ?fé&? &Q“&E@‘B}’e LOERE. Ofﬁﬁfé?“D@Féi ’3(533 aeh99e8cribed in 0.
W Youpgihe %m%nu\%@&@%tb@@e uﬁ&@edsintow Ravieyie uﬁx@'sﬁb'llh%éd naucaEmpcl al FCCU
yields with Davi son Circul ating Ri ser (DCR) ot plant unit," National
Pet r ol evawor@mue\wog@mmww103mur@s§km@ﬁl®t§@5msecoﬂ@¢ imaelje AdisBov.at i on ( NPRA)

Paper S Cat al yst
Per f or ﬁgﬁgéﬁfnﬁ o?]@ Ig_lgbfgarnz]a:%r tmé“agmulgﬁ%ghég dn@i\%cﬁﬁ%ggﬁ}nﬁ{g: R ci ence and
Technoblogy, inJlabi. 3 mg@evaﬁdlsmffehﬂvel\ﬂot ofdetihg NI? emiEdns fiSruthiedsCRn Sur f ace

Sci ence I 7 I r Science Publishers BY.
Anst er cf’gale%égaﬁ\% %ﬁl&ﬁbﬁ%il%gﬁag&gpm I\%% “gél%gér/ﬁ%%tu on is herein incorpor at ed
by reference, [0095] In this experi rrent, the DCR was operated at "full

burn” conditions, that is wth 1% excess 02 in the regenerator, and with

t he regenerator operating at 705C. The

Table 3

Reduction of NO emissions from the regenerator of the DCR when using Additive A

Additive Amount TOS NO, = NO, Reduction

(wt. %) (h) (ppm) (o)
Catalyst + CP-3° CPS 0.25 173
Additive A 5 3 54 69
5 5 66 62
5 8 74 57
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DCR was initially charged with a blend of 189525 g of an equilibrium
cracking catalyst having the properties shown in Table 1 below, and 4.75 g
of a commercial sanple of a Pt-based conbustion pronoter, CP-3'(r)
(obtained from Grace Davison, a unit Table 1 Properties of equilibri

cracki ng caP43p8¢/14eldd in DCR tests as described in Exakp Fé§”§WM§TBI6 and
20. SIO2 wt.%49.01 AI203 w.% 46.05 RE203 w.%1.44 Na20 wt.%0.32 Ti 2
Ww.%1.16 CaO: wt.%0.14 N PPm 1060 V ppm 1760 Sb PPm 270 SA nR/g 174
Zeolite n2/9 127 38 WD 2006/ 104612 PCT/i:S20061006543 of W R Gace & Co.
- Conn., Colunbia, M), which had been deactivated for 20 hours at 788 C

w t hout any added Ni or V using the Cyclic Propylene Steam ng nethod (CPS).
The description of the CPS nethodEkasvikigeh described in L. T. Boock, T.F.
Petti, and S. A Rudesill, "Contam nant .Metal Deactivation and

Met al - Dehydrogenation Effects During Cyclic Propylene Steam ng of Fluid

Cat al yti c [@oacKki IAgm@aés@hMSIdal, parfRedds m\p@bm Qnter ﬁnd/ag_@ﬁetphﬂé@ a0ffolkdydr ogar bon
Processi ng, Cat al yst s, 2 nposi u Eles 634, p. 171 g1996 | SBN
0- 8412- 343411 Wa\mi‘eé’ﬁle& & .ﬂ%@ﬂ\&ﬁuﬁ une paiineg 2476 6P pﬁéroéﬂem hlectwnignce. A

comer ci cia évgsz@ 7headinhay pdvaiet I@Eta@ﬂé@&%htLﬁﬁo@ﬁ%shf&sfﬁ@l 807 Ag),0nppas used in
e uring these experinents. NO and or 20 em ssions were
noni t or ed monstm% The alumina slurry was prepared usmg 1. 6 Ibs of the alumina. To the
alumina slurry 3.87 Ibs of an aqueous sodium hydroxide solution (50% NaOH) was

added. Then, 10.4 lbs of cerium carbonate crystals (obtained from Rhone Poulenc, Inc.,,

96% CeO,, 4% La20;, 50% moisture) was added to the slurry. The slurry was diluted

with a sufficient amount of water to bring the solids concentration at 12%. Finally, 3.38

Ibs of exchanged silica sol of Nalco 1140 (obtained from Nalco Chemicals Co.) was

added to the slurry. The mixture was agitated to assure good mixing and then milled in a

stirred media mill to reduce agglomerates to substantially less than 10 microns. The

milled slurry was fed to a 10 ft diameter Bowen Engineering spray drier to form
microspheres with a diameter of approximately 70 microns. Thereafter, the spray-dried
product was calcined at approximately 650°C to remove volatiles and provide a final

support.

EXAMPLE 4

{0098] Additive B was prepared as follows: A support prepared as described in
Example 3, with the exception that the inputs were adjusted to yield a final product
having the composition as shown below was impregnated with a Pd containing solution
prepared by dissolving in 45 Ibs of water 549g of a Pd (II) nitrate solution obtained from
Johnson-Mathey, which contained 8.643% Pd. One hundred pounds of the support were
then placed in an Eirich mixer, With the Eirich mixer in operation, the Pd containing
solution was sprayed on the support. The impregnated material was then discharged from

the Eirich mixer and flash-dried in a Bowen Engineering flash drier with the inlet
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continuously during these experinents using a Mddel 2030 FTIR mul tigas
anal yzer from MKS Online Products, Table 2 Properties of the feed used in
DCR tests described in Exanple 2 APl Gavity @60 OF 25.5 Sul fur, w.%

0. 369 Total Ni trogen, wt,%0.12 Basic Nitrogen, wt.%0.05 Conradson

Car bon, % 0.68 K Factor 11.94 Sinulated Distillatl ol % "F 5 307
20 691 Wzﬁbzo‘?@ﬁ““éo 859 80 959 FBP 1257 39 WD 2006?%@%&"2}{’%“@

PCT/ US2006/ 006543 [0096] The DCR was allowed to stabilize and steady state
NO emi ssions data collected, before a blend of 105 g of Additive A, 0.5 g
of deactivated CP-312 and 94,5 g of the equilibriumcatalyst were injected
intoit. After the unit stabilized again, the run was continued for
approximately 10 hours. The results are recorded in Table 3 below. TGOS is
ti me- GWMPSTAEARTEE OFR Chand hereutht syt F4figet Therresfitinadunteliseomainadio the unit. As

shoun gbmoaTable 3 soAddics] ¥4 Ke,ofd 264 Isy6, 100 J8ALAG NP eREgSi ons from t he

enera measur abl € anmounts o tected. Table 3
Reducﬁw e@ﬁaMﬁﬁﬁméglons fromthe regenerator of the DCR when using
Additive A

EXAMPLE 5

[0099] The activity of Additive B for reducing NO emissions from the FCCU
regenerator was assessed by measuring the activity for catalyzing the reduction of NO by
CO in a Regenerator Test Unit (RTU). The RTU is an apparatus specifically designed to
simulate the operation of an FCCU regenerator. The RTU is described in detail in G.
Yaluris and A.W. DPeters “Studying the Chemistry of the FCCU Regenerator Under
Realistic Conditions,” Designing Transportation Fuels for a Cleaner Environment, J.G.
Reynolds and M.R. Khan, eds., p. 151, Taylor & Francis, 1999, ISBN: 1-56032-813-4,
which description is herein incorporated by reference. After calcination for 2 hours at
593°C, the additive was blended at 0.5% level with a FCC catalyst, OCTACAT®-DCH
obtained from Grace Davison, which had been deactivated for 4 hours at 816°C in a
fluidized bed reactor with 100% steam. The cracking catalyst alone or the blend was then
fed to the RTU reactor operating at 700°C. The gas feed to the reactor was a mixture
containing 5000-5500 ppm CO, 500-550 ppm NO, various amounts of oxygen added as
4% O,/N, and the balance nitrogen. The total gas feed rate excluding the O; containing
gas feed was 1000-1100 scem. The amount of oxygen during this experiment was varied
so that the conditions in the RTU reactor would simulate reducing and oxidizing areas of
an FCCU regenerator. The results are shown in Figure 1. The data shows that Additive

B is very effective in reducing NO emissions.
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Addi tive Anpbunt TOS NO NO Reduction (wm. % (h) (ppm (% Catalyst +
CP-3(c) CPS 0.25 173 Additive A5 3 5469 5566 62 58 74 57 40 WO
2006/ 104612 PCT/ US2006/ 006543 EXAMPLE [0097] A m crospheroidal particul ate
support material was prepared as follows: A slurry was prepared from an

aqueous sl ur ing, 20% solids of a peptizable alumna (Vi ] 700

al um na powd\&?S ZE@YIQP(’%%d fromLa Roche Industries Inc" 99‘%&@@%@@%’

noi sture), The alum na slurry was prepared using 31.6 | bs of the alum na. To
the alumna slurry 3.87 I bs of an aqueous sodi um hydroxi de sol ution (50%
NaOH) was added, Then, 10.4 |bs of ceriumcarbonate crystals (obtained from
Rhone Poul enc, Inc., 96% Ce®2, 4% La20,, 50% noi sture) was added to the
slurry. The slurry was diluted wth a sufficient anount of water to bring
the solids concentration at 12% MB*dNE63. 38 |bs of exchanged silica sol
of Nalco 1140 (obtained from Nalco Chemcals Co) was added to the slurry.
The m xture was agitated to assure good mxing and then mlled in a stirred
medi a ni | [002680]r edu€e-cagiginmgerchities vtap pswlrst anntriaingy?.§ dessoft dvaperlOliate cr ons. The

mlled slur . 1 I %@&E ineering spray drier to
form m crlélgé%ﬁ\é&ggmgﬁd%%a&d?jg]r)ria%%{rgl %1% gagr%’fi g‘ﬁi mat ejlggu gﬁrﬁw r cr)?{jgl.e%'?ﬁer eafter,
t he spray<extied infEHxacipet3, was thab:ceptd tiedt tapippox wert ljusted 30 Getdo fidove

vol atiles and provide a final support. E?@M?LE 4 &0 ggitive B was
or epar ed_ A0OrgEgHA Aol Et o oPEBA e e R TF S s EXARHETE, vwth ¢ he
except i on wabpkcddne ah Mpithsmiwer, erhadjulsiuéien tvas yirsled oatofthdippik aduete ofhavi ng t he
conpositiagn as shown bel ow was i npregnated with a Pd contai ning solution

550 ce/min. The impregnated material was then discharged and subsequently flash-dried

with an outlet temperature of 149 °C and an inlet temperature of 538 °C. The resulting

material, designated Additive C, contained: 69.7% Al;0s, 21.8% CeQ,, 5.64% Na,0,

4.72% Si0s, 1.9% Cu and had a BET surface area of 160 m¥g.

EXAMPLE 7

[00101] DCR tests were carried out to evaluate the NO reduction performance of
Additive C. The properties of the feed used for this experiment are shown in Table 4.
The DCR was operated at full combustion mode with the regenerator at 705 °C and with
1% excess O in the regenerator flue gas. The DCR was started up by charging the unit
with a blend of 1895.25 g of a commercially available cracking catalyst, SUPERNOVA®-
DMR+ (aobtained from Grace Davison), which was hydrothermally deactivated in a
fluidized bed reactor with 100% steam for 4 hours at 816°C, and 4.75 g of CP-3", which
had been deactivated for 20 hours at 788 °C without any added Ni or V using the CPS
method. After stabilization of the unit, the baseline NO emissions data were collected
using an on-line Lear-Siegler SO,/NO, Analyzer (SM8100A). Subsequently, a blend of
0.25g of steam-deactivated CP-3%, 89.75 g of the steam-deactivated SUPERNOVA®-
DMR+ catalyst and 10g of Additive C, was injected into the DCR and after the unit
stabilized again the NO emissions data were collected. The results are shown in Table 5

below. TOS is time-on-stream from the time of addition of CP-3%to the unit. As shown
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prepared by dissolving in 45 | bs of water 549g of a Pd (I1) nitrate solution
obt ai ned from Johnson-Mat hey, which contai ned 8.643% Pd. One hundred pounds
of the support were then placed in an Eirich mxer, Wth the Eirich m xer
in operation, the Pd containing solution was sprayed on the support. The

I npr egna Lal was then discharged from the Eigj i xer _.and

flash-dr ?&%zo?cﬁfog& owen Engineering flash drier with tﬁg?/ﬁﬁfﬂg%ﬁka@ WO

2006/ 104612 PCT/ 1152006/ 006543 tenperature set at 538C, and the outlet set
at 149 C. The resulting material contained: 69.7% A1203, 21.8% Ce®2, 5.64%
Na20, 4.72% Si 02, 970 ppm Pd and had a BET surface area of 160 in2/g.
EXAMPLE 5 [0099] The activity of Additive B for reducing NO em ssions from
the FCCU. regenerator was assessed by measuring the activity for catal yzing
the r dBuBIGm oAdemeb9 ISoBlHva R ghienat O« Teutsioni HopRte) PCRhe RTU is an
appar atgssegeeci fically designed to sinmulate the operation of an FCCU

- regenerator. The RTU is described in detail in G Yaluris and AW Peters
"Studying the Chemistry of the FCCU Regenerator Under Realistic

Condi tions," Designing Transportation Fuels for a C eaner Environnent, J.G
Reynol ds and MR Khan, eds., p. 151, Taylor & Francis, 1999, | SBN
1-56032-813-4, which descripti dmblest herein incorporated by reference. After

cal cinatiog_for. - : Lt e at 0.5% 1 evel
with a Fcc@‘cogg‘ré‘le%%{@y%%‘jr%ﬁf?rg)%w s f”g%’#e ﬁ@%@%@g@aw son, which had
been deactivated for 4 hours at 816C in a fluidized bed reactor with 100%
steam The Ki n yst alone or the blen s then fed to the RTU

r eact or ope‘gféfﬁhﬁwg't@% . The gas feed to theg} actor was a nixture

cont ai ni ng $UAQG; ®ROO ppm CO, 500- 550 ppm NO wr@3a3ous anmounts of oxygen added
as 4% 2/ Nﬁ Fﬂd t he balance nitrogen. The tgqu% gas feed rate excluding
the 02 cont PRI NEO%§RsYF&ed was 1000- 1100 seent 'the anount of oxygen during
this experipRM NWaszedahi @ so that the conditpons in the RTU reactor would

simul ate reduci ng and oxidizing areas of an FCCU regenerator. The results
are shown i RomiadegneCarboryut. st a shows that AddPPve

K Factor 114
Simulated Distillation, vol.%, °F

5 453
20 576
40 660
60 743
80 838
FBP 1153
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Bis very effective in reducing NO em ssions. 42 WO 2006/ 104612

PC T/ US2006/ 006543 EXAMPLE 6 [ 00100] A Cu-containing solution was prepared
containing 7.5 | bs of copper sulfate <crystals dissolved in 45 | bs of D

wat er nmai nt g 49C. A support was prepared as descr] i npl e 3,
with the ex?g(g?@g@&t‘sﬂiat the inputs were adjusted to yiel &’C?ﬁ%z@gw% roduct
havi ng the conposition as shown bel ow, Approximtely 100 | bs of the support
was placed in an Eirich m xer. The Cu solution was sprayed onto the support
at arate of 55D cc/mn. The inpregnated material was then di scharged and
subsequently flash-dried wth an outlet tenperature of 149 C and an inlet
tenperature of 538 T. The resulting material, designated Additive C,

cont ai ned; 69.7% Al 203, 21. 8% Ce2,Tables%% Na2O, 4,72% Si 02, 1.9% Cu and
had a BET surface dtagactoh of BORBDy emExanPyiEn usng@kbitjveOCR t ests were carri ed
out to evaluate the NO reduction performance of Additive C. The properties
of the feed usedldditve t hi s expesmomrit ar el@hown | NTabl e NO, Rdteti®CR was
operated at full conbustion nmyde %)t h t hé)regenepnor at 70%%¢ and with 1%
excess 02 in the regenerator flue gas, The DCR was started up by charging
the unit wth a blend of 1895.25 g of a comercially avail abl e cracking

cat al yst ,CafIRERNCVAL CPS DVR- - (0Rf ai ned from G ac@sDavi son), which was

hydr ot herpg%tléy (geacti vated in a, | ui di z bed re&%tor with 100% steam for 4
hour s at “Yand 4.75 g of CP-'3", which" had been deactivat®ed for 20 hours
at 788 C without any added N\ or V using the CPS nethod. After
stabilization of the unit, the baseline NO em ssions data were coll ected
using an on-line Lear-Siegler SO2/NOx Anal yzer (SMS5100A). Subsequently, a

bl end of 0.25g of steamdeactivated CP-30, 89.75 g of the steam deacti vated
SUPERNOVAr - DMR* catal yst and 10g of Additive C, was injected into the DCR
and after the unit stabilized again the NO em ssions data were coll ected.
The results are shown in Table 5 EE@J\@ 2 gTOS is tine-on-streamfromthe tine
of addition of CP-30 to the unit. As shown

[00102] DCR experiments were carried out to evaluate the NO reduction performance
of a commercially available sample of a Mg-Al spinel containing additive, DESOX®
obtained from Grace Davison and designated as Additive D. The feed used for this
experiment was the same as the feed used in Example 7. The DCR was operated at full
combustion mode with a regenerator temperature of 705 °C and 1% excess O,. The DCR
was started up by charging the unit with a blend of 1895.25 g of an equilibrium cracking
catalyst having the properties shown Table 1, and 4,75 g of CP-3% (obtained from Grace
Davison), which had been deactivated for 20 hours at 788°C without any added Ni or V
using the CPS method. After stabilization of the unit, the baseline NO emissions data
were collected using a MKS Online Products FTIR Multigas analyzer (Model 2030).
Subsequently, a blend of 10g of Additive D, 89.75 g of the equilibrium cracking catalyst
and 0.25 g of the CPS-deactivated CP-3%, was injected into the DCR. NOQ emissions data
were continuously collected for 3 additional hours., As shown in Table 6 below, Additive

D is effective for reducing NO, emissions from the DCR regenerator.



43 WD 2006/ 104612 PCT/ U52006/ 006543 in Table 5, Additive Cis effective for
reduci ng NO, em ssions fromthe DCR regenerator. Table 4 Properties of the
feed used in DCR tests described in Exanples 7, 8 and 16 APl Gavity @60 F
23.2 Sul fur, .% 0.023 Total Nitrogen, wt.%0.13 Basic Nitrogen, wt.%
0.04 (o rbon, wt./%0.03 K Factor 11.4 Si | I ation,
vol . % W%@%ﬂu% 576 40 660 60 743 80 838 FBP 1%%%52@ W%OG/ 104612
PCT1TJS20061006543 Table 5 Reduction of DCR NOx em ssions when using

Additive C Additive Amount TOS NO, NO Reduction (wt. % (h) (PPM (%
Catal yst-t CP-3(r)CPS 0.25 303 Additive C 0.5 3, 0 203 33 EXAMPLE 8

Table 6
Reduction of DCR NOx emissions when using Additive D

Additive Amount TOS NO, NO, Reduction
(wt. %) (h) (ppm) (%)
Catalyst + CP-3® CPS 0.25 112
Additive D 0.5 3.0 68 39
EXAMPLE 9

[00103] A Fe-containing solution was prepared containing 140.5 g of ferric nitrate
dissolved in 300 g DI water. A support was prepared as described in Example 3, with the
exception that the inputs were adjusted to yield a final product having the composition as
shown below. Five hundred grams of the support was placed in an inclined beaker on a
mechanical rotator. The support was then impregnated by gradually spraying with the

ferric nitrate solution from a hand pumped spray bottle. The wet impregnated material
was dried in an oven at 200 OC for 2 hours. The dried cake was in the form of large

chunks and was first ground in a blender and screened before calcining at 650 °C for 2
hours to decompose the nitrates and remove volatiles. The resulting material, designated
as Additive E, contained: 56.1% Al,03, 20.5% CeO,, 7.56% Nay0, 7.5% SiO,, 5.4%
Fe,03 and a BET surface area of 103 m?/g.
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[ 001021 DCR experinents were carried out to evaluate the NO reduction
performance of a comrercially avail able sanple of a My-Al spinel containing
additive, DESOX(r) obtained from Grace Davi son and desi gnated as Additive
D. The feed ) his experinent was the sane as th in
Exanple 7. #gg@éﬁﬁ)&é}s operated at full conbustion nDdeerét %d%@g%é}ner at or
tenperature of 705 C and 1% excess 02. The DCR was started up by charging
the unit with a blend of 1895.25 g of an equilibriumcracking catalyst
havi ng the properties shown Table 1, and 4,75 g of CP-3rg' (obtained from

G ace Davison). which had been deactivated for 20 hours at 788C wi t hout any
added Ni or V wusing the CPS nethod. After stabilization of the unit, the
basel i ne NO eni ssi ons data were BEMYBEELS using a MKS Online Products FTIR
Mul ti gas anal yzer (Model 2030), Subsequently, a blend of 1Oy of Additive D,
89,75 g of the equilibriumcracking catalyst and 0.25 g of the

CPS- deact [093¢4€d CIPPLIMUES W jcetice @ut tateralvdie ROFO redactean pesfourmsicelat a  wer e
conti nuou 0] | ec for.. j £.1 . - i bel ow,
Come s ruc SR LCLRELLRS Adf) MR AOUES oSO LT e

regener at orbeladds VIO QOB doxd 64 raRdT 82006/ 00EB4Eon Traldk eat 62 Regtuekioon of DCR

NOx em ssions when, Usi ddi.tjve D Additive Amount TOS NO Reducti on
(wt. /s) [HP™ g&rﬂﬁlfb(%/cg)ga‘é& hal%i‘ceiSA@P-g‘Cer?(@ﬁ?Sé%% ERQ“‘R&?&? E\S’g DO0.5 3.0
?2032 Edev:c%tlEzi&~i&90&~@6&in$o§@1ygo?atvaignitmgglg)gbm&éu@mma% pre%uhal&ed Azent ai ni ng

.5 g of ferric nitrate_ dissolved. in ) O wat er . support was
pr epar ed g@mgﬁg@FPB@BHP%9@%&ﬁﬂﬁéqyﬁg'*Fﬁ“?ﬁ@g°%%¥%ﬁﬁ$6ﬁ°§ﬁ§§%tW@°bnputs wer e

adj usted 18 Ydegldadivhded@b: JrQAKCH BBV REhENSNG AIRASUT HOP 3% uihopg bel ow.
Five hundred granms of the support was placed in an inclined beaker on a

nmechani cameiof aree njaurs BifPerChvasA i estnbilizptiangpiathe dnby thgriuerliak INO spr ayi ng
with the emissions data was collected using an on-line Lear-Siegler SO,/NO, Analyzer
(SM8100A). Subsequently, a blend of 0.25g of steam-deactivated CP-3%, 89.25 g of the
equilibrium cracking catalyst and 10.5 g of Additive E, was injected into the DCR. The
results are shown in Table 8 below. TOS is time-on-stream from the time of addition of
Additive E to the unit. As shown in Table 9 below, Additive E is effective for reducing

NOy emissions from the DCR regenerator.
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ferric nitrate solution froma hand punped spray bottle. The wet inpregnated
material was dried in an oven at 200 C for 2 hours, The dried cake was in

the formof large chunks and was first ground in a bl ender and screened
before calcining at 650 C for 2 hours to deconpose the nitrates and renove
vol ati | %g O'BQ/S gLesulting material, designated as AdQicii8ofgoodz@nt ai ned:

56. 1% Al %é b % Ce(2, 7.56% Na20O, 7.5% Si 02, 5.4% Fe203 and a BET

surface area of 103 nR/g. 46 WD 2006/ 104612 PCT/ US2006/ 006543 EXAMPLE 10

[ 001041 DCR experinents were carried out to evaluate the NO reduction
performance of Additive E. The properties of the feed used for these
experinents are shown in Table 7 below The DCR was operated under full
conbusti on node at a regeneratotr tenperature of 705 C and with 1% excess

02. The DCR was started up with f@'@% g of an equilibriumcracking catalyst
having the pr mgéﬁtiie@@ftﬁélfewmairlT.aQR&es&deeértb@a in Biaabid iczation of [he unit, 95

g of the equilibriumcracking catalyst and 5 g of -3(r), which had been
deactivated for 20 hours at 788C wi thout any added Ni or V using the CPS

net hod wer espng@cked ko the DCR After stabiddgation of the unit, the

basel ine NO em ssions data was col |l ected using an on-1line Lear-Siegler

SO/ NOx AnabWBisrvt.% SMB100A) . Subsequent |y, a bV-éhd of 0.25g of
st eam deact+\yat -3tq, 89.25 g of the equiljbgiumcracking catalyst and i
10.5 g of Amiﬁtl\iﬁgggéf%{v\és injected into the DC(;)Q?éThe results are shown in |
Tabl e 8 bel Basic Ni@8gérs wt-Pare- on- st ream from t he &0G8Ge of addition of Additive

h; to the intrad é]scﬁrrggl\,{m i% Tabl e 9 bel ow, Addi Mve Eis effective for
reduci ng ;. em ssions tiomthe DCR regenerator. 47 WD 20061104612

PCTJI | S2006K 666643 Table 7 Properties of the Ifiésd used in DCR tests
described i & CxaMb&ikdon ARl w IRV ty @60°F 22.8

5 464

20 651

40 764

60 854

80 963

FBP 1365
Table 8

Propetrties of equilibrium cracking catalyst used in Example 10.

Si0y 50.9
Al;O; Cwt.% 455
RE:0; :wt.%  0.37
Na,O twt%  0.37
Ni . ppm 681
\ : ppm 1160
SA : m¥/g 168
Zeolite : m¥/g 128
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Sul fur, w.%0.23 Total N trogen, wt.%0i9 Basic N trogen, w.%0.083
Conr adson Carbon, wt.% 1.44 K Factor 11.65 Sinulated Distillation, vol.%
F 5 464 20 651 40 764 60 854 80 963 FBP 1365 Table S Properties of
equilibriu ' catal yst used in Exanple 10. Si02 WL %
45.5 RE203W(\5A/?“%//§‘39’§7 Na20 : wt.%0.37 N ppm 68l V ﬁ’%%%fi@%59§£ e/ g
168 Zeolite nR/g 128 48 WD 20061104612 PCTI US20061006543 Table 9
Reducti on of NO, em ssions fromthe DCR Regenerator when using Additive E
Additive Anpunt 'I'0OS NO NO, Reduction (w. 9% (h) (PPm (%

Table 9

Reduction of NO, emissions from the DCR Regenerator when using Additive B

Additive Amount TOS NOy NO, Reduction
(wt. %) (h) (ppm) (o)
Catalyst 27
CP-3®CPS 0.25 249
Additive B 0.5 3.0 191 23
EXAMPLE 11

[00105] Additive F was made by preparing 100.0 g of a support as in Example 3,
except that the inputs were adjusted to yield a final product having the composition
shown below, placing the support in an inclined beaker on a mechanical rotator. A Rh
impregnating solution was prepared by diluting with DI water 0.5 g of a 10% Rh nitrate
salt solution to 100.0 g. The support was then impregnated gradually by spraying with
100.0 g of the dilute Rh solution through a hand-held pipette. The wet impregnated
material was dried in an oven at 120 °C over night. The dried cake was in the form of
large chunks and was first ground through a screen before calcining at 650 °C for two
hours to decompose the nitrates and remove volatiles. The resulting material contained:

05.3% Al503, 9.6% Si0,, 21.3% CeO,, 5% NayO, 437 ppm Rh, and had a BET surface

area of 140 m%/g,

EXAMPLE 12

[00106] The activity of Additive F for reducing NO emissions from the FCCU

regenerator was assessed by measuring the activity for catalyzing the reduction of NO by
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Catal yst 27 CP-3DCPS 0.25 249 Additive E 0.5 3.0 191 23 EXAMPLE 11 [001051
Additive F was made by preparing 100.0 g of a support as in Exanple 3,

except that the inputs were adjusted to yield a final product having the
conposition shown bel ow, placing the support in an inclined beaker on a

nechaniq&bzb&&@&gg. A Rh inpregnating solution was P§ /g&%g%&%igiluting

with DI water g of a 10% Rh nitrate salt solution The
support was then inpregnated gradually by spraying with 100.0 g of the
dilute Rh solution through a hand-hel d pipette. The wet inpregnated

material was dried in an oven at 120 C over night. The dried cake was in the
formof |arge chunks and was first ground through a screen before cal cining

at 650.C.for, two _hours. t. onpose the nitrates a repove _vol atiles. The
esul tEd Aaeer Rt Ub R aTOr BBE e iBp Broce R (et Bodtecs. 506 a0,
437 ppasuRb areashdwhadFiguBETbgow f dae datakidy that AdQtivOE igverit¥ddeEid2 [00106) The
activity of ﬁgditiye F for reducing NO em ssions fromthe FCCU regenerator
was a§§é§§§ﬂq yTHER8Uring the activity for catal yzing the reduction of NO by
49 WD 2006/ J04612 PCTI US2006/ 006343 CO in a Regenerator Test Unit (RTU)
usi ng the sanme procedure as in Exanple 5. The results are shown in Figure 2
bel ow. The data show that Additive F is very effective in reducing NO

em ssions. EXAMPLE 13 [00107] A conposition, designated as Additive G was
prepared using the base material prepared in Exanple 3 with the exception
that the inputs were adjustedEP@ﬂVFEEd3a final product having the
conposition shown bel ow. Eighty grans of the base material was placed in an
i nclined beaker on a nmechanical rotator. A master Rh solution was prepared
by [00107] A composition, designated as Additive G, was prepared using the base

material prepared in Example 3 with the exception that the inputs were adjusted to yield a
final product having the composition shown below. Eighty grams of the base material was
placed in an inclined beaker on a mechanical rotator. A master Rh solution was prepared by
diluting with DI water 1.0098g of a 10% Rb nitrate salt solution to 77.48 g. The base
material was then impregnated by gradually spraying with 60g of the dilute Rh solution
through an air mist spray nozzle system. The wet impregnated material was dried in an oven
at 120 °C overnight. The dried cake was in the form of large chunks and was first ground in a
blender and screened before calcining at 650 °C for two hours to decompose the nitrates and
remove volatiles. The resulting material contained; 73.2% Al,O3, 4.5% SiO,, 5.1% Na,O,
17.5% CeO,, 1005 ppm Rh and had a BET surface area of 127 m*/g.

EXAMPLE 14

[00108] The activity of Additive G to reduce NH3 emissions from an FCC unit
regenerator operating in partial burn or incomplete combustion was compared to the
activity of the cracking catalyst alone. The experiments were conducted by reacting in the
RTU reactor NH; with CO at various levels of O,. After calcination for 2 hours at 595 °C,

the additive was blended at 0.5% level with a commercially available FCC catalyst
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diluting with DI water 1.0098g of a 10% Rh nitrate salt solution to 77.48 g.
The base material was then inpregnated by gradually spraying with 60g of
the dilute Rh solution through an air m st spray nozzle system The wet

i npr egnat ed rial was dried in an oven at 120 C overnj fried
cake was in“f”(ﬁé()%f/&)@ﬁ%zof | arge chunks and was first gr oun?cﬁwséooyg 6é%der and

screened before calcining at 650 C for two hours to deconpose the nitrates
and renove volatiles. The resulting material contained; 73.2% Al 203, 4.5%
Si2, 5.1%Na20, 17.5% Ce®2, 1005 ppm Rh and had a BET surface area of 127
m EXAVMPLE 14 [00108] The activity of Additive Gto reduce NH3 em ssions from
an FCC uni t re%{e%erat_or operating in partial burn or inconplete conbustion
was conpar@f 64 TheDCHe phtoingd, figh ree Hagernyhichthad peen dagiitedTie 4

experi ment , i {de ; i h CO at
Vari ous Vel e O A el RAGEY 1B (Rah WGt EBEL SR TR O i ve
was bl ended thetadditisestaekieg cathlyti biend overescpiralel yiedvailedble ra@or cparaingst 50 WO

2006/ 1046 J-USZ2006/ 0065 O obt.ained fr G ace Davison),
whi ch hadjagggﬁ-rg'eaé% ?\Pﬁ? ggedfdgor “%Cﬁgucégs 3?@%6 6%?}}1'193& a‘f({ lﬁ%%mlﬁ‘éd react or
wi t h 100%aspoiantelyTHE&) ppradi;n§otdaisal petn @D oneipunimbine dol iddeehct@cki ng

cat al yst end  wer, eparately fed to t RTU reactor operatin at 700 C,

The gms Paedn S oE it bk Riimedh of P 1658 Lt parRisgTe O

Zg}prggi Uatoehtyillﬁgg%ﬁ@ﬁf]ﬁd%iI(EOQQ%CB@@!.p'prml@@.lts\é@e[r iheeusecanmngalss f@fanga added as
0 In . W T e pal ance being nifrogen. The, tot as feed rate

excl udi ng b'félﬁ)é‘“ O‘Q“Chégﬂ‘fvél%ﬁrfght@ﬁ@ ey S\g%m%?)ébmﬂ‘@@”@é%é gﬁf*ﬁélo?se%”ﬁ‘l ts are

recorded igevehighs' @S cchvaRBndo NI§l OWo ol GlroshOVkiBAte. AddD] bY &, Lysrevery

effective in mnimzing NH3 enissions and Pre,ventl ng its conversion to NQO, .

No ot her ricteFiegdif iepinady coavegsion NP de ME)lapkiezerdet ect ed, i ndicating the

conversion of NH3 to nol ecul ar nitrogen. EXAMPLE 15 [00109) An aqueous

slurry was prepared which contai ned 6521g of al um num chl orohydrol sol ution
(23% solids), 4500 g (dry basis) of ferrierite (Si02/ Al 203 = 20,

EXAMPLE 15

[00109] An aqueous slurry was prepared which contained 6521g of aluminum
chlorohydrol solution (23% solids), 4500 g (dry basis) of ferrierite (SiO/ALOs = 20,
Na,O -+ K»0 < 0.2) and enough additional water to make a slurry which contained about
40% solids. The slurry was milled, in a Drais mill, to an average particle size of less than
2.5 pm and then spray dried in a Bowen spray dryer. The spray-dried product was
calcined for 90 minutes at 593°C. About 158 g of calcined product was placed in an
inclined beaker on a mechanical rotator. A master Rh solution was prepared by diluting
1.001g 9% Rh from nitrate salt to 100 g with DI water. The calcined product was then
impregnated by gradually spraying on it 16.7 g of the dilute Rh solution further diluted with
75 g DI water, targeting a concentration of 100 ppm Rh on the finished catalyst. The wet
impregnated catalyst was dried for 1 hour at 99°C and then calcined for 1 hour at 593°C,
The resulting material was designated as Additive H, had the following analysis: 71.4%
Si0, 28.3% AlO3, 0.1% Na0, 0.1% K,0 and had a total BET Surface Area of 328
m¥g.
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Na20 + K20 < 0.2) and enough additional water to make a slurry which

cont ai ned about 40% solids. The slurry was mlled, in a Drais mll, to an

average particle size of less than 2.5 pin and then spray dried in a Bowen
spray dryer. The spray-dried product was calcined for 90 m nutes at 593C

About | ci ned product was placed in an r on a
nechanllgglzg(}Gglf)éﬁﬁg A master Rh sol ution was prepar egét)ygzg %?ut%l%&gg 1.001g 9%

Rh fromnitrate salt to 100 g with DI water. The cal ci ned product was then

i npregnated by gradually spraying on it 16.7 g of the dilute Rh solution
firrther diluted with 75 g DI water, targeting a concentration of 100 ppm

Rh on the finished catal yst. The wet inpregnated catalyst was dried for 1 |
hour at 99C and then calcined for 1 hour at 593C. The resulting nmateri al |
was designated as Additive H, had the follow ng analysis: 71.4% SiQ2, 28.3% |
A1203, 0.1% Na2O, 0. 1% K20 angktwadipigotal BET Surface Area of 328 nR2 /g.
51 WD 2006/ 104612 PCT/ US20061006543 EXAMPLE 16 [001101 Additive H was

eval uated in the DCR under partial burn conditions. The feed used for this
t est he pr, [ . =har.g initially

W th pprogm rrat‘%eﬁ% }§%a§MW§H%égﬁﬁj®ﬁP%eI grrtlgcﬁu\r{l\g&}:agt?%ﬁys ®havi ng the

pr opefeed e\sedsfﬁ)omwcﬁt'rabltbe propities hoow maT#@lo#. dhe DR tive DSRed egener at or was

adj ust.e | o rator flue
as. - RRPAT SpE3pi By BB B0 e SRR b Yol WP RV RS B e ans
dat a wepeticchbectnethbles]. nﬁheaﬂdW@te@ﬂanmethelEr(tRiwrgtmrd%a' i \RISI’HKUUBIegaS anal yzer

(2030 Subse a bl en nt ai ) g ..of ditive H and 90
G of bia RN G0y Gt ti g el GRtovil I BeuSt pEBR “and e

em ssufif)Shaveiseligoheé rgu@ﬁxﬁhym;@dd;@c@@dxdmr cadleBieth.usiNg 4 ML &EERInEN NO emi ssi ons
was detecte ectio itive H The results pres ted in Table 9
show ‘Hgims &H&‘P&U (%“Flé’zeé{z:fogg} Agg?sqqﬁe‘mé(dhqg %\%f?@@de"rﬁ“?é‘}‘% Y &ven at 0.5 wt %
of thgr QNEHR H 46818l st the eMUBSHMAT Yrackl@DéRald® was injected into the DCR

and NH; emissions were continuously collected for 3.8 h. No increase in NO emissions

was detected upon injection of Additive H. The results presented in Table 9 show that
Additive G is effective in reducing NH; emissions even at 0.5 wt% of the overall catalyst

inventory.

Table 10
Reduction of NH; Emissions from the DCR Regenerator when using Additive G

Additive Amount TOS NH; NH; Reduction
(wt. %) (h) (ppm) (%o)
Catalyst 128
Additive F 0.5 1.5 69 46
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Em ssions fromthe DCR Regenerator when using Additive G Reduction of NH
Addi tive Amount TOS NH3 NH3 Reduction (w. % (13) (PPM ("/o0) Catalyst
128 Additive F 0.5 1.5 69 46 52 WD 2006/ 104612 PCT/ US2006/ 006543 EXAMPLE
17 [00111] Additive | was prepared by first making a conposition using the
procedure i N0 R4HIPE 6 except that the inputs were adjEEFEGBﬁwwgﬁﬁPd a
final product having the conposition: SIQ2 7.8% Na20 7.1% CeQ2 18.5%
A1203 60.2% 1.9% Cu and a BET SA of 111 nR/g. Approximately 80 g of this
conposition were placed in an inclined beaker on a nechanical rotator. A
master Rh solution was prepared by diluting with DI water 1.0098 g of a 10%
solution of Rh nitrate to 77.48 g. A further dilution was applied by
renoving 5,83 g of the previously made master solution and addi ng D1 water
to obtain a total weight of 60 g.EXABRPEEnposition was then inpregnated by
gradually spraying with 60 g of the latter dilute Rh solution through an
air mst spray nozzle system The wet inpregnated material was dried in an

oven at 12@oCigver nighiitiveThes grehboed Badke: kg aicBmpdi@ioh @k OF plodéde ighunks and
was first %round in a blender, and screened before calcining at 650 C for

two hours CEYHRIESNHEER DiethRi PPyt aerapdusiehty dieldor ftpl ardusthiavingeel t i ng

mat eri al cephgisPRd: ST, PROALZAB7.1%, CYoD1§2y,, 7\%’3@\}3@%%,1179%%@&% BaT 8% CU,
90 ppm Rh and had a, BET surface area of 107 n2/g. EXAMPLE 18 [00112] The

activity ofSAsefdiitlinés| Approxiedelsadi hal thirecaarrosispibmsroplagasdincaadnelined ogen
o i the” I PTe R acRRea el MRV L R O B ae e RIVE e
procedure de@mﬂwbﬁﬁgbﬁfl@%ammﬁ@imﬂﬂlmsmshdwm&glmﬁ%gwesﬂﬁkmnﬁéemﬂﬁdgitive|
I's effecti \6? 1'4111novrinegrgpél3j gp S H2 Sre%@sﬁ? made master solution and adding DI water to obtain

a total weight of 60 g. The composition was then impregnated by gradually spraying

with 60 g of the latter dilute Rh solution through an air mist spray nozzle system. The

wet impregnated material was dried in an oven at 120 °C overnight. The dried cake was

in the form of large chunks and was first ground in a blender and screened before

calcining at 650 °C for two hours to decompose the nitrates and remove volatiles. The

resulting material contained: 57.9% A1,0s, 7.7% SiO,, 7% NayO, 17.7% CeO;, 1.8% Cu,
90 ppm Rh and had a BET surface area of 107 m?/g.

EXAMPLE 18

[00112] The activity of Additive I for decreasing the emissions of reduced nitrogen
species, e.g., NH3, was assessed by measuring the activity to convert NHj to N in the
RTU in the presence of CO at various oxygen levels, using the procedure described in
Example 14, As shown in Figures 5 and 6, Additive I is effective in removing gas phase
reduced-nitrogen species, like NHs, while preventing their conversion to NO at low
oxygen levels. In terms of preventing NO formation, its activity is superior to that of the

catalyst alone.
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reduced-nitrogen species, like NH3, while preventing their conversion to NO
at low oxygen levels. In terns of preventing NO formation, its activity is
superior to that of the catalyst alone. 53 WD 2006/ 104612 PCT/ C52006/ 006543
EXAMPLE 19 [00113] About 100 g of a commercial My-Al spinet containing

mat eri al W oe@12 obtained from Grace Davison) was pl, %%g%f"%m% ;i nclined
beaker on a nechanical rotator. A Rh solution was prepare dt’ssol vi ng

0.08 g of Rh nitrate salt (12.11%Rh) into 95,0y of DI water. The support
was then inpregnated by gradually dropping all 95.0g of the diluted Rh
solution with a pipette. The wet inpregnated material was dried at 120 C
overnight. The dried cake was in the formof |arge chunks and was crushed
through a 100 nesh screen betg%%f;@%?gm ng at 650 C for two hours to
deconpose the nitrates and tiles. The resulting composition was
desi gnat ed as Additive J, and had an analyses of 12.9% CeQ2, 35.6% MyO,
46. 2% A1203, about 3%V and 133 MR h, wth a BET surface area of 133
m/g. BSARPLE 260 mdﬂﬁg]ofmevmtnﬁwea bspétﬁémj’é?t”@dg materine(OBSRfhder parti al

burn cangiddi s GERE Ua@%on)ay@dslﬁlatc)édh n 195“1'1%@ bR &I SRLONS.] %ta?‘ofccu The

properties of the feed used for this test are shown ‘Nt 11. The DCR
was chafgelytion tagl frspayhdt by dispoxg ARB e of RIBGOrate ofit @A.1 1&gBh) inbr i um cracki ng

catal h ro te.of air to
DR P At P DL BREH R ARl B i TS S B 6T 0 o1 7 0'

the rteg@herdalosol litiomewgtaesplpetfet dihe sicainiprégnaibd ontedfl wivedriediat 12092 basel i ne NH3

em ssi cte e Prod FTIR mul ti gas

anal yzoglr&% g%g 3?%%%(2&2(8@2&1? }eut% gfglr%efggqggl aé’rh}dwacq'ocrlnt’sglieéﬁﬁ %5 g of

Addi t i M6 nesh \M]chl’beh:&d chaﬁmtgdleéﬁﬂ ?G/&ﬁ edo il@d‘rs &Dddd@llﬂf)(sse tid m?&%@aﬁ[ﬂ t hout any

added Ni_ or sl ]CPS nmet hod, an %‘FO the equilibrium cracking

cat al YEPOVSEE 'R e teerﬁs't TRE R SHeR V&R esr\ﬁll@teg S¥dgRE Tndrbhzdomt i nuousl y

col | ecingigses of 14.9%4 Cdbg 35&8SUMD, 146,272kl ;1 2ous 8% thald Addighi xg, J is

effectiyve ucin
with a éET su1?ace areg of 133 m%g.

EXAMPLE 20

[00114] Additive J was evaluated in the DCR under partial burn conditions for its
ability to reduce NH3 emissions in a FCCU. The propeities of the feed used for this test
are shown in Table 11. The DCR was charged initially with approximately 1800 g of an
equilibrium cracking catalyst having the properties shown in Table 1. The flow rate of
air to the DCR regenerator was adjusted so as to achieve a CO»/CO ratio of 7.0 in the
regenerator flue gas. After stabilization of the unit, the baseline NH; emissions data was
collected using a MKS Online Products FTIR multigas analyzer (2030). Subsequently,
100 g of a blend containing 9.5 g of Additive I, which had been deactivated for 20 hours
at 788°C without any added Ni or V using the CPS method, and 90.5 g of the equilibrium
cracking catalyst, was injected into the DCR and NHj; emissions were continuously
collected for 4 h, The results in Table 12, show that Additive J is effective in reducing
NH; emissions even at 0.5 wt.% of the overall catalyst inventory. No increase in NO

emissions was detected upon injection of Additive J. These data suggest that Additive J
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NH3 emi ssions even at 0.5 wt.% of the overall catalyst inventory. No
increase in NO em ssions was detected upon injection of Additive J. These
data suggest that Additive J 54 WD 2006/104612 PCP/ U52006/ 006543 is

effective ipn converting reduced nitrogen species to nole in.a FCCU
regener at or VORAWYI8¥11 Py operties of feed used in the D@E@pé%oﬁgn@ﬁgtl% of

Exanple 20 APT Gavity @60 IF 24.2 Sulfur, wt. % 1.014 Total N trogen,
wt.%0.11 Basic Nitrogen, w.% 0, 0448 Couradson Carbon, w.%0.36 K
Factor 11.87 Sinulated Distillation, vol.%F 1BP 306 5 539 20 707 40 795
60 858 80 935 FBP 1179 55 WD 2006/ 104612 PCT/ US2006/ 006543 Table 12
Reduction of N -13 em ssions fromthe DCR regenerator when using Additive J
Addi tive BndfRstiveras qupBerNpg rrbigert titegen (speciesygo (pplecuppM) (inga F

regenerator,

Table 11 ’
Properties of feed used in the DCR experiments of Example 20

APT Gravity @ 60 °F 242
Sulfur, wt. % 1.014
Total Nitrogen, wt.% 0.11
Basic Nitrogen, wt.% 0.0448
Conradson Carbon, wt.% 0.36
K Factor 11.87
Simulated Distillation, vol.% °T

IBP 306
5 539
20 707
40 795
60 858
80 935
FBP 1179
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Catal yst 264 Additive J 0.5 4 161 39 EXAWPLE 21 [001151 A hydrotalcite
base having 36.6%total volatiles, and approximately 66% MO 30% A1703,
and a BET surface area of 235 n2/g was obtained as a fine 425 nmesh powder
fron1a Iaboratory preparation made as follows. A m xture containing 70.3 g
of 32. 1 of Porocel AP-15 anorphous rho phase hydrous al um num oxi de,
and 470 Oawmﬂgﬁé% was aged for 24 hours at 100 C. MAGVRYIt¥hes were
made to accunul ate several hundred grans of the hydrotalcite product. The
fine friable hydrotalcite powder needed to be bound and aggl onerated so it
was suitable for testing in a fluidized bed reactor. Ceria was al so added
to the conposition, The binding of the hydrotalcite powder and the

i ncorporation of ceria were acconplished by inpregnating 79 g as-is weight
of hydrotalcite base with a SO|EQ§©ﬂ2COHtaInIng 15.1 g of ceriumnitrate

equi val enkedJc901§oQNH§ eftBBns ffom e DA re@édj l*!}ﬂ] filk; gé%@ﬁ 9 t{ sol ution having

20. 9% A1203 and sufficient water to rén ota e base at

inci pient weifif§s. The res sugﬂgit was nt en dry | ceram c dish
in an oven overnlght at 20 & \he dr hydy O é! bh? “ﬂmﬁﬁg subsequent |y

IC|te
crushed though a 100 nesh scre and IC|ned PPST hou?%ﬁat 650 T. The
resul ting hyg%% %IC|te base was then inpregnat mnth 45 g of a 56 WO
2006/ 104612 PUS2006/ 006543 sol uti on cont aj I'ng 0.05 g of Rh from rhodi um
nitrate sal AdfitiRe11% Rh) tar@eti ng 1008 ppm Rhigan the fimshed catal yst. The
wet material was again dried overnight in a ceramc dish at 200 C and
crushed through a 100 nesh screen foll owed by calcination for 2 hours at 650
C. The material was further agglonmerated by conmpacting in a small pellet
press and screening through a 100 mesh screen. The final conposition was
designated as Additive K and had the follow ng anal yses: 52.9% MO, 33. 4%
A1203, 1.0.4% Ce®2 and a BET surface area of 164 n2/g. EXAMPLE 22

EXAMPLE 21

[00115} A hydrotalcite base having 36.6% total volatiles, and approximately 66%
MgO, 30% AlyO3, and a BET surface area of 235 m?/g was obtained as a fine 425 mesh

powder from a laboratory preparation made as follows. A mixture containing 70.3 g of
MgO, 32.1 g of Porocel AP-15 amorphous rho phase hydrous aluminum oxide, and 470g
of wafer was aged for 24 hours at 100 °C. Multiple batches were made to accumulate
several hundred grams of the hydrotalcite product. The fine friable hydrotalcite powder
needed to be bound and agglomerated so it was suitable for testing in a fluidized bed
reactor. Ceria was also added to the composition. The binding of the hydrotalcite
powder and the incorporation of ceria were accomplished by impregnating 79 g as-is
weight of hydrotalcite base with a solution containing 15.1 g of cerium nitrate equivalent
to 6 g of CeO,, 28.9 g of aluminum chlorohydrol solution having 20.9% Aly03  and
sufficient water to render the hydrotalcite base at incipient wetness. The resulting
support was then dried in a ceramic dish in an oven overnight at 200 C. The dried
hydrotalcite base was subsequently crushed though a 100 mesh screen and calcined for 2

hours at 650 °C. The resulting hydrotalcite base was then impregnated with 45 g of a
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100116] The activity of Additive K for decreasing the em ssions of reduced
nitrogen species, e.g., NH3, was assessed by neasuring the activity to
convert NH3 to N2 in the RTUin the presence of CO at various oxygen

| evel s, usi 0 0 ?e@ﬂqugcedure described in Exanple 14. As shown in Figures 7
and 8, Additive effective in renoving gas phase redGERE2HFPY8Een
species |like NH3 and preventing their conversion to NO 57 WO 2006/ 104612
PCT/ US20061006543 EXAMPLE 23 [001171 Additive L was prepared in accordance
with US Patent 6,358,881 RI. The additive had the foll ow ng anal yses:
5.8%total volatiles, and approximately Si Q2 4 9% Nra20 4 9% Ce02 21 2%
A1203 68. 7% .970 T surface area and a nea
particle §?12%°‘b?°“gﬁ)‘“}l%|ﬂ OS@@@\;&E@OQW ‘Pé‘@i‘l‘@?“ﬁ’ﬁété& I\/f’t%b) 6?‘2%’?“{*\‘% A8 di t| ve L

for renovabmadh ddGhe ﬁﬁl@r@d%ﬁtamher\@gﬁﬂt%ﬁﬁtv%@ aWRS dGQNPRLEEhtthPa tdhanidCt i vity of
the cr ackl Qgg catal yst alone and a commercial platinumcontaining combustion

promot er, depee300- @aPE)P%IPWdhﬁoéﬁl al Qfrnerh peraes fgllpyeddnansteinaigy fg diouia busi ness
unit of W, gw}pé al cat al yst
was deact |av&éiogjca?§]re&3£%: a;g&a%%I %%@% n ar%?du%foz%%g%%gg& r%gaé%e? 1?5% 100%

st eam andn¢ekedhingnthzoupCR 10¢ mesh brestang TokBek! camppsti@ICRas desigreietl asyst had a
conposi ti 1, 6% 0 9 O %047, . 5% Fe203,
1, 3% F>2059“\%\5j\/|9{vr61;kt‘h“té aé\lldgenfggo‘gﬁnéﬁégﬁ%gﬁ Mﬁ%gj %591*“@0&?({% é)i@ez. a“?omzo]
About 20 gtBﬁ’Tiulrfecméeecﬁléna&lg. ng catal yst alone, with the Additive L or the
conmbustion pronoter added at 0.5 Wt % was | oaded in the RTU The gas flowto
the RTU reactor was about 800 sccm containing about 5% 02 with the bal ance
N2, Follow ng an experinental procedure commonly known to those skilled in
the art as Tenperature- Programmgé%\iéﬂaﬁ%%on or TPO and starting fromroom
tenperature, the reactor was hea about 780 C by raising the
tenperature at a rate of about 9C/ mn, while continuously flow ng the
aforenentloned gas into the RTU reacto

[00116] The activity of Additive K f01 decreasing the emissions of reduced
nitrogen species, e.g., NHj, was assessed by measuring the activity to convert NHj to N
in the RTU in the presence of CO at various oxygen levels, using the procedure described
in Example 14. As shown in Figures 7 and 8, Additive K is effective in removing gas

phase reduced-nitrogen species like NH; and preventing their conversion to NO.
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During this experinent the carbon, hydrogen, nitrogen and sul fur containing
coke species were gradually burnt releasing CO, CO S02, reduced nitrogen
species |like HCN, NO and some N20. By integrating the detector signal over
the duration of the TPO 58 WD 2006/ 104612 PCTI US2006/ 006543 experinment we
wer e abl e the amount of the various gas pha de. The
results :Wé%ggggﬁﬁéd in Table 13 below. Table %3 Igte%§gﬁg§&g@§ﬁg? of
nitrogen species detected in the RTU reactor effluent (a.u.) during TPO of
coked cracking catalyst. Cracking Species Catalyst CP(r)-5 Additive L [|HCN
29066 8475 7038 NO 3966 36165 24476 N20O 3583 59 W Claim A process of
reduci ng NO, em ssions froma regeneration zone during a fluid catalytic
cracki ng of a hydrocarbon feedﬁﬁégg i tg | ower nol ecul ar wei ght conponents,
sai d process conprising (a) co L@ uring a fluid catalytic cracking
(FCC) process where NOx em ssions are rel eased froma regeneration zone c:f
a fluid catalytlc cracking unit (FCCU) operathﬂg i n a heterogeneous

r

combustP®H7hode AddiEye ECracpispreq ghaccordanceriyid ot £S8888bBU- Wi th a
ci rcul atyengidi:R¥ end (ﬁ{eroﬂf)w%g a%ygésa?f %Vﬁ%ta@@%ﬁh%?tand%ﬂrﬁ rNa@e] rggucti on

conposi ti on conprising Feast one NO, reduc conporent having a
mean pat%cNeOsi. e, @TOzg?rl e%b@zi‘@ﬁﬂ%gﬂﬁlpamc?dham BGT siréace atvalof 1§7 t 0 r educe

NOT e”‘ﬁ§é8ﬂﬁyﬁéh§%ﬁﬁgniﬁﬂﬁb@y CCU regeneration zone operating under

oxi di zi ng” condi ti uring a”"FCC process wi thout a significant
EXAMPLE 24
[00118] The activity of the Additive L for removal of HCN from an FCCU

regenerator was compared to the activity of the cracking catalyst alone and a commercial
platinum-containing combustion promoter, CP®-5 (platinum on alumina) sold by Grace
Davison, a business unit of W.R. Grace & Co.-Conn,, Columbia, MD.

[00119] The cracking catalyst was deactivated for 4 hrs at 816°C in a fluidized bed
reactor with 100% steam, and coked in a DCR. After being coked in the DCR the
catalyst had a composition of 31.6% AlyO3, 2.4% RE,O3, 0.45% Nay0, 0.65% TiO,,
0.5% Fey03, 1.3% P,0s, with the balance silica, and contained 1.5 wt % coke.

[00120] About 20 g of the coked cracking catalyst alone, with the Additive L or
the combustion promoter added at 0.5 wt % was loaded in the RTU. The gas flow to the
RTU reactor was about 800 sccm, containing about 5% O, with the balance Na.
Following an experimental procedure commonly known to those skilled in the art as
Temperature-Programmed Oxidation or TPO, and starting from room temperature, the
reactor was heated up to about 780 °C by raising the temperature at a rate of about
9°C/min, while continuously flowing the aforementioned gas into the RTU reactor.
During this experiment the carbon, hydrogen, nitrogen and sulfur containing coke species
were gradually burnt releasing CO,, CO, SO,, reduced nitrogen species like HCN, NO
and some NpO. By integrating the detector signal over the duration of the TPO
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increase in the content of reduced nitrogen species; and (ii) at |east one
reduced nitrogen species conponent having a mean particle size of greater
than 45 tmand having the ability to reduce the content of reduced nitrogen
species in @V&%wr@geper ation zone operating under reducing conditions
during a FCC" proCede™yi t hout a significant increase in t RETUSHOEMSSBE NO
em ssions, wherein NO, reduction conponent (i) and reduced nitrogen species
conponent (ii) have different and distinct conmpositions and are used in an
amount effective to reduce the content of NO released fromthe FCCU
regeneration zone; and b) reducing the anbunt of NO, em ssions released from
the regeneration zone of the FC.Crelative to the anmount of NOX em ssions
rel eased ierparitenabys eveceabdd tot hesudi@e anemint off the verdmvp @ss phaen spelies Tade.pr ocess of
Claim]l \A/p[%gi Qlatat;grelg(:‘%aﬁ]alca%{qu b%%WI yst conprises a Y-type zeolite. 60 3.
The process o aarmr erein the réduced nitrogen species conmponent (ii)
does not increase the content of NO in the FCC.C regeneration zone hy
nore than 10% of the anobunt of NO, present in the regeneration zone absent
t he reduced nitrogen species conponent. 4. The process of Claim1 wherein
the reduced nitrogen species conponent (ii) has the ability to convert
reduced nitrogen species to nolecular nitrogen under reducing conditions.

5. The process of Claiml whereint 181 reducti on conponent (1) does not
i ncrease the content of reduced nitrogen species in the FCCU regeneration
zone by nore than 108ghtet heoarnofmtrogd spetkscletcnd trtbgBAU speci es present in
t he regenerati on zasstaksenrht (bhe dMOg TR uttokedcredigpeeenyst. 6. The process of
Claim 1 wherein the NO, reduction conponent (i) reduces NO em ssions by
converting NO to N2 7 Etggckpnrgocess of Claiml wherein the NO, reduction

Species Catalyst CP®.5 Additive L
HCN 29066 8475 7038
NO 3966 36165 24476
N20 3583
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conposition is a separate particle additive. 8 The process of daim7
wherein the reduced nitrogen species conponent (ii) and the NO reduction
conponent (i) are contacted with the FCC cracking catalyst inventory

i ndependently as separate particles. 61 9. The process of Caim7 wherein
the reduced nitrogen species conponent (ii) and the NOT reduction conponent
(i) are physically admxed in a single additive particle. 10. The process
of Claiml wherein the NO reduction conposition is an integral conponent
of the cracking catalyst. 11 The process of Claiml wherein the NOT
reduction conponent (i) is a particulate conposition selected fromthe
group consi ¥é@ginof :  (a) a conposition which conprises (i) at least | w %
nmeasured as the oxide, of an acidic nmetal oxide containing substantially no
zeolite; (ii) at least 0.5 wt % of netal conponent, neasured as the oxide,
selected fromthe group consisting of an alkali netal, an alkaline earth
nmetal and m xtures thereof ; (iii) at least 0.1 wt % neasured as the
oxide, of a rare earth or transition nmetal oxygen storage netal oxide
conponent and (iv) at least 0.1 ppm neasured the netfal, of a noble
metal conponknt sel ected from th@GEH ! ﬁgl,gﬁéhgmézfmm FOM BfCEgRRratien Qs
Ru, Re and ni xturgse H&%{gegfﬂqi@chta?ﬂé GeRkRIRT LXRIESRM BRINY BRSRAeON the
total weight of the conposition; (b) a conposition which conprises (i) an
aci di ¢ oxi de suppeteculsk gt ganpongpts, geif AIOCEH APBRERE nmeasured as the oxi de,
sel ected from t NG, JEHRIRLMAIRAL! 1% eadRrig! dtidng B A, oAReE! KALE NEOr
metal and mixtures thereof; (ili) a rare” earth or tranSition metal oxygen
storage netal oxicthessiposrpisirelnesed o 4 fogynesation zaprseita Bnd watrliic crniponenit
selected fromth cqnsi.sting of 0 | b nd |ib t he,.Peri odic
Table ; (c) a coﬁ%%éwlg%eﬁ&%ﬁ%i %ﬁ hé%%?egésé 'C%%us%ﬁn 1%%%5‘11“(1? l\gl\é'(r:c‘f?mhrrg%lsbu‘} ed as
t he oxi de, of hydrocarbon feedstock with a circulating inventory of a FCC cracking catalyst

and a NOy reduction composition comprising (i) at least one NOy reduction
component having a mean particle size of greater than 45 ym and having the
ability to reduce NO, emissions released from a FCCU regeneration zone
operating under oxidizing conditions during a FCC process without a significant
increase in the content of reduced nitrogen species; and (ii) at least one

reduced nitrogen species component having a mean particie size of greater than
45 um and having the ability to reduce the content of reduced nitrogen species in
a FCCU regeneration zone operating under reducing conditions during a FCC
process without a significant increase in the content of NO, emissions, wherein
NOy reduction component (i) and reduced nitrogen species component (i1) have
different and distinct compositions and are used in an amount effective to reduce
the content of NO, released from the FCCU regeneration zone; and

b) reducing the amount of NO, emissions released from the regeneration zone of
the FCCU relative to the amount of NO, emissions released in the absence of the

NOy reduction composition.

2. The process of Claim 1 wherein the FCC cracking catalyst

comprises a Y-type zeolite,
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an acidic netal oxide; (ii) at least 0.5 w % neasured as the oxide, of a
nmetal conponent selected fromthe group consisting of an alkali netal, an
al kaline netal and m xtures thereof; (iii) at least 0.1 w % neasured as
the oxide, of a rare earth or transition netal oxygen storage netal oxide
conponent and (iv) at least 0.01 w % neasured as the netal, of a
transition netal conponent selected fromthe group consisting of G oups WA
VA, VIA, VILA, "v'IIIA 62 1B and II1B of the Periodic Table, Sb, Bi and

m xtures thereof; all percentages being based on the total weight of the
conposition; (d) a conposition which conprises at |east one netal containing
spine! which includes a first netal and a second netal having a val ence

hi gher than the valence of said first netal; and optionally at |east one
conponent of a third netal other than said first and second netal s and
optionally at |east one conponent of a fourth netal other than said first,
second and ghird netals, whergjd ﬁa%sd Sl P Alerdi REGREEA nfifopm t e
group consisting of Goup IB meg Group netals, Goup VIA netals,
the rare earth mptatssconiveentfiiat foramoGr mg@awethalcsmamdo*m%umetéc tlhélteof and
sald rourth met Akudtd®] SGIOH dlLOMANRILOUR GOUSL BT N8 Ol B ckel |
titanium chrom er mani um ,  nol ybdenum
ant i nony, vanadnﬂgnnaxradon mnx'abﬂeetgm Mn@dfn;tro(ge) SpaCleﬁtﬁ?ﬁtP@i‘?“lton whi ch conpri ses
at | east one zeolite having a pore size ranging fromabout 3 to about 7.2
Angstrons and a SiO2 to A1203 nolar ratio of |ess than about 500, wherein
the zeolited is optionally stabi I i Zﬂﬂ w'ot:éssaoﬂmllaiin 1setheeiredhd redicédhe gr oup
consisting of Goups IlA 1118, \@ VIIB, VILIIl, 11B, I'llA,
VA, VA and t helTeE SBeIoa S0 aBineBs has OBl ooaneen e PIUREELIECHN xt ur es

thereof; (f) a comRRsifl Moyl GheGeIRigeBEdiGor8OPPEr containing zeolite; (9g)
a conposition conprising fromabout 2 to 80 w% ZSM 5, optionally bound

5. The process of Claim 1 wherein the NO, reduciion
component (i) does not increase the content of reduced nitrogen species in the
FCCU regeneration zone by more than 10% of the amount of reduced nitrogen

species present In the regeneration zone absent the NOy reduction component.

6. The process of Claim 1 wherein the NO, reduction

component (i) reduces NO, emissions by converting NO, to Ny

7 The process of Claim 1 wherein the NO, reduction

compuosition is a separate particle additive.

8. The process of Claim 7 wherein the reduced nitrogen
species component (i) and the NOy reduction component (i) are contacted with

the FCC cracking catalyst inventory independently as separate particles.



with a binder material to obtain a mi crosphere appropriate for use in a FCC
unit under FCC conditions, wherein the binder material is selected fromthe
group consisting of silica, alumna, alum na-phosphate and m xtures thereof;
(h) a zinc based catalyst; (i) an antinony based NO, reduction additive;

(j) a perovskite-spinel NO reduction additive; (k) a hydrotalcite catal yst
conposition, optionally conprising at |east one rare earth netal and at

| east one transition netal selected fromthe group of iron, nickel,
titanium chrom um nmanganese, cobalt, germanium tin, bismuth, nolybdenum
antinony, vanadi umand m xtures thereof; 63 (1) oxides of My-Al and Cu, and
optionally C&. (m a low NO CO clethitsdek00f PiA0T efhe@MTERSIsHuRA Mﬁsbgéﬁ

conprises a conbustion pronotin t al conpound of a net al ected from
the group consi stFfigs a@fgaqm&fli ﬁ!&hﬁ'%&ﬁ Ntk JRGUCTIPT GPmRRnegl ) iy pﬁ i um
rhodi um  rheni umdnGRIRN sBikt AixE paEclkher eof associated with at |east one

particul ate porous inorganic solid; (n) a conposition which conprises (i)
an aci dic oxide support; (ii) cerlun1OX|de (iii) a lanthanide oxide other

than ceria; gnd optionalfy. Oﬁrbé@sa 8t Cia §twiRREn ﬂféb a,hﬁa(a{lﬁt@ c'b?ﬁﬂ%ﬁdn R ot al

selection fromthe group c n5|st|ng G oups Peri1 odi c
Tabl e and ni xt ur eistegtbecaufonefito) the cakpgsatelyen whi ch conprises (i) an acidic
oxi de support, (ii) ceriumoxide, (iii) a lanthanide series elenent other
than ceria and (iv) optionally, at |least one oxide of a transition netal
sel ected frohh G oups IB and 11 B @ﬁchﬁﬁﬁmpefmddnﬁlTahHEM andbM)xnﬁn@mnthereof

and (v) at |east one st net from, .the g nsi stin
Rh, It, Cs, Ru, ‘;fbuar‘é%“ ?Féer‘é’ﬁfpm‘ self @gﬁ‘%&@f’ ‘d’r‘l‘p\kﬁ’%ésﬁ“%ii r | ses
at |east one @ OU(@.) y'cbrhpéﬁit@d?ﬁdvﬁxbl@ﬂoﬂ‘f&k@é (i) mee@ex wats, Ireasire®REhESHRMP, Jfl | B
metal oxide, at |east one Goup. |IA al kaline
an acidic metal oxide containing substantially no zeolite; (ii) at least 0.5 wt %
of metal component, measured as the oxide, selected from the group
consisting of an alkali metal, an alkaline earth metal and mixtures thereof;
(ii3) at least 0.1 wt %, measured as the oxide, of a rare earth or transition metal
oxygen storage metal oxide component and (iv) at least‘__O.l ppim, measured as
the metal, of a noble metal component selected from tfie group consisting of
Pt, Pd, Rh, Ir, Os, Ru, Re and mixtures thereof, all percentages expressed
being based on the total weight of the composition;

{b) a composition which comprises (i) an acidic oxide support oxide; (ii) a
metal component, measured as the oxide, selected from the group consisting
of an alkali metal, an alkaline earth metal and mixtures thereof; (1ii) a rare
earth or transition metal oxygen storage metal oxide component; and {(iv) a
transition metal component selected from the group consisting of Groups Ib
and IIb of the Periodic Table ;

{c) a composition which comprises (i} at least [ wi%, measured as the oxide, of
an acidic metal oxide; (ii) at least 0.5 wt % measured as the oxide, of a metal
component selected from the group consisting of an alkali metal, an alkaline
metal and mixtures thereof; (iii) at least 0.1 wt %, measured as the oxide, of a
rare earth or transition metal oxygen storage metal oxide component and (iv)
at least 0.01 wt %, measured as the metal, of a transition metal component

selected from the group consisting of Groups IVA, VA, VIA, VIIA, VIIA,
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earth metal oxide, and, optionally, microspheroidal alumina; and (q)

m xtures thereof. 12. The process of Caiml | wherein the NO reduction
conmponent (i) is conposition ( ¢ ) and the transition netal is selected from
the group consisting of Ti, V, &, M, Fe, Co, N, Zr, No, M, H, W An,
Cu, Zn and mxtures thereof 13. The process of Caiml | wherein the NO
reduction conponent (i) is conposition (d) and the first netal is

magnesi um the second netal is alumnum the third nmetal is at | east one of
the rare earth netals and the fourth netal is selected fromthe group

consi sting of vanadium iron, nickel, manganese, cobalt, antinony and

m xtures thereof 64pkfd IENEf RE PERREc PLbICISE] Bl dndImivhessehdiedthall NRenfageiuct i on
conmponent (i) is conposition t he porous inorganic solid is selected

( and,
from the group corf§létrifg Oéfﬂ‘eggoﬁ‘ﬁi’vﬁ‘ébt fitheomposiionsi ca, zirconia and

m xtures thereof (4y15.onlloGitiBh AFEES cMpristhiMbdst bneVRtafl dontallind\idind] SAHHGL 1 ON
conponent (i) is conposition (f) anciO the copper is present as netal or ions

in an amount equi vahadydes taofigt melshgrd arsecond |netaidiasingfa Q@kDot drghemdin Misl e of
alumna in the zeolj ) €, . i, r.el . ite of
the NO reduction \}g%?r%eocr}\tgsﬁ d ?ﬁ Rﬁg‘g’ %ﬁg%&g%l?ﬁ%?ﬁﬁ%ﬁg%%@pgf égg%dl te

sel ected fromthe metdupheothen shidnrsohndZSibad ksl and ZSMdERY aZ BMdk2@ne ZSM 23,

ZSM 35, ZSM 38, ZSM 48, nordenit.e al,um.nated XY or Zeol i Beta.. 17. The
process of Claim.l CP‘"W'?P&PE atetﬁ'éé}}\ﬁegfg egiliagﬁalgcfg%(ﬁ%gﬂ‘? a‘(“% ?‘%smg%lﬁposi tion
(e) and the zeol it evhegeis dié ahiednfcrad 8 feltedrinmp theC@sp 8édsRgn®bf Genupildrite,

ZSM5, ZSM 11, beta, MCM 49, rdenite, | o6, Zeoglite-L, zeol[te Rho,
errionite, chabazi tetelyl gﬁb’ﬁtﬁﬁo‘i“?t@]‘é’, %W b IRRENE 3 ramﬂ’%llfneésf Mtite, A

ZSM- 12, ZSM 23, ZSMidBuindSMug dretdMdIRintuéeaMheddof, and said fourth metal is selected

from the group consisting of iron, nickel, titanium, chromium, manganese.
cobalt, germanium, tin, bismuth, molybdenum, antimony, vanadium and
mixtures thereof;

{e) a composition which comprises at least one zeolite having a pore size ranging
from about 3 to about 7.2 Angstroms and a SiO; to Alg;k03 molar ratio of less
than about 500, wherein the zeolite is optionally statBilized with a metal
selected from the group consisting of Groups 1A, IIIB, IVB, IB, VB, VIB,
VIIB, VI, 1B, HIA, IVA, VA, and the Lanthanide Series of the Periodic
Table, Ag and mixtures thereof;

(f) a composition which comprises a copper containing zeolite;

(g) & composition comprising from about 2 to 80 wt% ZSM-3, optionally bound
with a binder material to obtain a microsphere appropriate for use in a FCC
unit under FCC conditions, wherein the binder material is selected from the
group consisting of silica, alumina, alumina-phosphate and mixtures thereof;

(h) a zinc based catalyst;

(i) an antimony based NO, reduction additive;

(i) a perovskite-spinel NO, reduction additive;

(k) a hydrotalcite catalyst composition, optionally comprising at least one rare
earth metal and at least one transition metal selected from the group of iron,
nickel, titaniurn, chromium, manganese, cobalt, germanium, tin, bismuth,

molybdenum, antimony, vanadium and mixtures thereof;
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ZSM 61, ZK-5, NaJ, Nu-87, Cit-1, SSZ 3 5, SSZ-48, SSZ.-44, SSZ-23,

| 3achiardite, Merlinoite, Lovdarite, Levyne, Lauinontite, Epistilbite,
Grelonite, G snondine, Cancrinite, Brewsterite, S'tilbite, Paulingite,
Goosecreekite, Natrolite and m xtures thereof. Preferred zeolites are
ferrierite, ZSM5. ZSM 11, beta, MM 49, nordenite, MCM 56, Zeolite-L,
zeolite Rho, errionite, ehahazite, «clinoptilolite. MCM 22, MM 35,
Ofretite, A, ZSM 12 and m xtures thereof. 18. The process of Caiml |
wherein the NO reduction conponent (i) is conposition (p) and the netal of

the Goup VIII netal .oxide is the .nmetal of the Goup IIIB netal oxide
is La, and the al( a?"i“??é "gé/jrgt‘%l ﬁ‘?gfeé‘b a‘@f‘fpt‘f"llf’i‘yéeoup HA al kaline earth netal
oxide is Sr. 65 If)aThe BMCETS Bibhidh PrbmOer lcomp¥fifsLivhidN@oh ks ed

nitrogen species conponent (ii) is a particulate conposition selected from
the group consi st igyFiquapromoting Beidl, or apBPPIE 04 2 et sylstted fromée grer act ory
support material proppbed W biiingh, Fﬁ%ﬁﬁmf?rlﬁ?ﬁ[ﬁﬁt, smigh erbiedivhd A Aifig, 9r oup
consisting of an alkaline earth metal, an alkali netal, a transition netal,
a rare earth netal ,theniPhatdpperandmouiyres weeresll | assperptadavitiofit lesboe RRubfe t he

Periodi c Table, ger i J: Qi smuth, antinony and m xtures thereof; (b)
a conposition whi cﬁ@ﬁgﬁ%@é@ﬁ“@ at least 1 w % neasured as the oxide, of

an acidic netal dxidengeitianmhing cmpstafl) raktigicraideesoppdre (ii)(detiymakideeast 0.5

w % of netal t ed he oxide, selected f th
Consi sti ng.of an_al A CHOPHT CH SFRAMPriEn b e PRELY (GhA' FAPEH B her bof -

(iii) at least 0. lofwfirdisitioRasul Sdedtion fibm B pdap cofsiséng of @rovps INungElbal or a
transition nmetal oxygen ,stora%e rrgt al oxi de éonponent and (1v) at |east O,
| ppm neasured astitretsretisi Tablsrand mpgWredtipErhl conponent sel ected fromthe

group consi stingef cdiipositdn WRbh dofnprited (i) BH acife AR ppdrii®scctibgriorpt, all
percent ages being based on the total weight of the conposition;
(iii) a lanthanide series element other than ceria and (iv) optionally, at least
one oxide of a transition metal selected from Groups IB and 1IB of the
Periodic Table, and mixtures thereof and (v) at least one precious metal from
the group consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and mil_xtures thereof;
(p) a composition which comprises at least one Group VI transition metal
oxide, at least one Group IIIB metal oxide, at least one Group IIA alkaline

earth metal oxide, and, optionally, microspheroidal alumina; and

(q) mixtures thereof.

12, The process of Claim Il wherein the NOy reduction
component (i) is composition { ¢ ) and the transition metal is selected from the
group consisting of Ti, V, Cr, Mn, Fe, Co, Ni, Zr, Nb, Mo, Hf, W, Au, Cu, Zn and

mixtures thereof,

13. The process of Claim 1 wherein the NQO, reduction
component (1} is composition (d) and the first metal is magnesium, the second
metal is aluminum, the third metal is at least one of the rare earth metals and the
fourth metal is selected from the group consisting of vanadium, iron, nickel,

manganese, cobalt, antimony and mixtures thereof.
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(c) a conposition which conprises a) at least | W % neasured as the oxide,
of an acidic netal oxide containing substantially no zeolite; (b) at | east
0.5 w % of nmetal conponent, neasured as the oxide, selected fromthe group
consisting of an alkali netal, an alkaline earth netal and m xtures thereof;
(c) at least 0.1 wt 'No, neasured as the oxide, of a rare earth netal or a
transition netal oxygen storage netal oxide conponent; (d) at least 0.1
ppm measured as the netal, of a noble metal conponent selected fromthe
group consisting of Pt, Pd, Rh, Jr. Os, Ru, Re and m xtures thereof and (e)
0.01 % neasured as the oxide, of a transition netal selected fromthe
group consisting of Goups 113, 1113, IVA VA VIA VJtA and VIVA of the
Per i ?)di c Tﬁb}lzse],c aﬂd m' xtures theléelﬁf)ceéﬁlolf Cpe&hcemtva@@anbmﬁiaﬁrﬁobas@du@n t he
total weight of the osition conposi tion i.C onpr.i ses at

| east one et al - CERPIR] oS SPPRRSitiofn Whgnd-aﬁ% $nogEd G W {REHCA g™ second

nmetal having a V@lsﬁﬁ&% Qb ahaly JraRmitd) BtanddiRRCAr@hiasal thiftieStherBt al ; and at
| east one conponent of a third netal ot her than said first and second

nmetal s and optionally at |east one conponent of a fourth nmetal other than
said first, gecond and third ”Efrﬁéﬁy?c‘é’él%ﬁ' Pl d LRLEE th@%@ xécﬁm%n | east
ally,

one Pl atinum G oup netal and optio |'east one metal selected from
G oup | B netal s, c@Gnpupnt #)Bs mmsmon@)@utb thel Poprestiabissent fanéetalree iongar t h met al s,

and m xtures t herl?81 amounp«fqulvagpgtﬁl r%ast 8ﬂe halfmoﬁe gle&%%?%aghrlgm Lhe group

consisting of iron, nic ganese. cobal t

germani um tin., abmsmmhhe woliybdenum anti m)ny vanadl um and m xt ures
thereof; (e) a conposition which conprises at |east one zeolite having a
pore size ranging fromabout 3 to about 7.2 Angstrons and a Si02 to Al 203
nolar ratio @f |ess than aboutTiOgte@ngdoAtClhiensd whoRm Bt zinObl gemad,al

compound sel ected from the group consi SEI 9 of“Pt Pd., RhIlr, Os, Ru, Re
and ni xtures thef@gstion component (1) has the crystal sfructues of a zeolite selected from the
group consisting of ZSM-5, ZSM-11, Z8M-12, ZS8M-22, Z5M-23, ZSM-35,
ZSM-38, Z5M-48, mordenite, dealuminated Y or Zeolite Beta.

17. The process of Claim 11 where{h the NOy reduction
component (i) is composition () and the zeolite is selected from the group
consisting of ferrierite, ZSM-5, ZSM-11, beta, MCM-49, mordenite, MCM-36,
Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22, MCM-35,
MCM-61, Offretite, A, ZSM-12, Z8M-23, ZSM-18, ZSM-22, ZSM-35, ZSM-57,
ZSM-61, ZK-5, Nal, Nu-87, Cit-1, SSZ-35, S87-48, SS5Z-44, SSZ-23,
Dachiardite, Merlinoite, Lovdarite, Levyne, Laumontite, Epistilbite, Gmelonite,
Gismondine, Cancrinite, Brewsterite, Stilbite, Paulingite, Goosecreekite, Natrolite
and mixtures thereof. Preferred zeolites are ferrierite, ZSM-3, ZSM-11, beta,
MCM-49, mordenite, MCM-56, Zeolite-L, zeolite Rho, errionite, chabazite,
clinoptilolite, MCM-22, MCM-35, Offretite, A, ZSM-12 and mixtures thereof.

18. The process of Claim |1 wherein the Ny reduction
component (1) is composition (p) and the metal of the Group VI metal oxide is
Co, the metal of the Group [{IB metal oxide is La, and the alkaline sarth metal of

the Group [1A alkaline earth metal oxide is Sr.
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wherein the zeolite is optionally stabilized with a netal selected fromthe
group consisting of Goups II1A [11B, IVB, 1B, VB, VIB, VII:B, VIIl, |1B,
I[1TA VA VA and the Lanthanide Series of the Periodic Table, Ag and

m xtures thereof; (f) a conposition which conprises a copper containing
zeolite and at least 0.1 ppmof a noble netal conpound selected fromthe
group consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and m xtures thereof; (Q)
conposition conprising fromabout 25 to 80 w"/0 ZSM5 and at |east 0.1 ppm
of a noble netal conpound selected fromthe group consisting of Pt, Pd, Rh,
It, G, Ru, Re and m xtures thereof, wherein the zeolite is optionally
bound with a binder material selected fromthe group consisting of silica,
al um na, al unjgha- phosphate and tures (%_%gr £0 m.i cr.ospher es

bt ai
appropriate for use in a FCC uni Wﬁ(éelss elo) afhiogﬁ%“?%l(tﬁﬁwé}“‘fpr% %S ed

catal yst and at | Q@édlcsOc&nmﬂhtO{u)aﬁ o phi€icil®t donposmeRdesed eoiethe fiogi t he
group consisting of Pt g , I't, G5, Ru, Re and m xtures thereof ; 67 (i)
an antinony based REsSHgAlict i on additive and at |east O. 1. ppm of a nobl e

netal conpound sel@gch %Qrofﬁ %oﬁﬁ%ug&%ﬁt&l@(&s letlb DY sQ%pd%t mat@ﬁlai oihmotdd wits

Ru, Re and mxtures t her eof aperovskltes i'nel” NO, reduction additive
and at |east 0.1 pprﬂidﬁﬁshﬂ%me@ selestesd T@Bﬁ%&rﬁ@ s@isstegdl pr alfirlitss2dh oup
consi sti ng of Pt, Pdmeﬂﬂ"an Iaﬁkaetal@’t Eﬁo?ﬂlgtamaé&x%rc%%h ﬁm@ %.q;lat (}gl)(ﬂ%up
hydrotal cite cat aI yst cérrp05| tion and east ppm of ‘a no

conmpound sel ect ed frwontat hengrloafpGoonSiBsiti thg Pedodit Tabite, cgemm.amm,rt;n,mnuﬁu, Re
and m xtures thereof, .the hx&irot al C{h rmﬁcat al yst conposition optionally

L. antimony mixt res P
conprising at |east One rare ear and at | east one transition netal

sel ected fromthe (gr @mempfasmcﬁmmcmbmkpris;:s {i) dtdersuimyt ehmeaiwed ashngatdese,

an acidic metal oxide containing substantially no zeolite; (ii) at least 0.5 wt %
of metal component, measured as the oxide, selected from the group
consisting of an alkali metal, an alkaline carth metal and mixtures thereof; (iit)
at least 0.1 wi %, measured as the oxide, of a rare earth metal or a transition
metal oxygen storage metal oxide component and (ﬂj_v) at least 0.1 ppm,
measured as the metal, of a noble metal component se‘lzected from the group
consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and mixtures thereof, all percentages
being based on the total weight of the composition;

(c) a composition which comprises a) at least 1 wt %, measured as the oxide, of
an acidic metal oxide containing substantially no zeolite; (b) at least 0.5 wt %
of metal component, measured as the oxide, selected from the group
consisting of an alkali metal, an alkaline earth metal and mixtures thereof; (¢)
at least 0.1 wt %, measured as the oxide, of a rare earth metal or a transition
metal oxygen storage metal oxide component; (d) at {east 0.1 ppm, measured
as the metal, of a noble metal component selected from the group consisting
of P1, Pd, Rh, Ir, Os, Ru, Re and mixtures thereof and {(¢) 0.01 wt%, measured
as the oxide, of a transition metal selected from the group consisting of
Groups IB, IIB, IVA, VA, VIA, VIIA and VIIIA of the Periodic Table, and
mixtures thereof, all percentages being based on the total weight of the

composition;
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bi snuth, nol ybdenum antinony, vanadi um and

m xtures thereof; (1) oxides of My-Al and Cu, and optionally Ce, and at

| east 0.1 ppmof a noble netal conpound selected fromthe group consisting
of Pt, Pd, Rh. It, Os Ru, Re and m xtures thereof; (rn) a NO reduction
conposition which conprises (i) an acidic nmetal oxide, (ii) cerium oxide.
(ii1) a lanthani de oxide other than ceria, (iv) optionally, at |east one
oxide of a transition nmetal selected fromGoups IB and |1 B of the Periodic
Tabl e, and m xtures thereof, and (v) and at |east one noble netal selected
fromthe group consisting of Pt, Pd Rh, h-, Gs, Ru, Re and m'xtures
thereof: (n) a conpositio rlses Ieast

transition metal %gm (C:iOmporl t}gflr]e\g}g Foll }é 5 PE g 5%@%% ‘ilg(éhst one
G oup HA al kal i ne emhtdlas aetral max ﬂhé a cmpéndonnahll }ya,vingl a:w&ismiaemghedaﬂanahmm na,

and at |east 0.1ppm e  net nd sel ected from.the oup

consi sting of Pt, aie”‘ﬁﬁ’f g??ms&net‘%ﬁnﬁ m&ﬁd’%ﬁ%{%}%&‘ ?Hﬁe’?‘%f“ew&% & o)

m xtures thereof. ZQxan-EEhﬁ fPE08e Seconl n@ka@a #Ad dla@omﬁﬂﬁra@ﬂdasttdi@ degduead.fd trogen
speci es conponent (i ) IS conposition e transition netal is
selected 68 fr om t TGy oisn & sping s Se?‘?’nd apd tgpd mgjgls, paereiggaidyprd 7r - Np,

Me, H, W Au, Cu, méhu and wﬂs%&wmmmemegs mefal andRicBHIRC 86 Ba® bonlnian 19
wherein the reduced nit r&g speci es conponent (ii) is conposition (d) and
the first netal is MicctadHeon BepwdD meala|Grpap B mefahe Gronpy Yl Avpetals therag | east
one of the rare eartfnglalk: mﬁ’}{%xﬁfies 1fé ﬁ&f MMGaidGbudiDBefl ALkl g&@{n‘ﬂ% , metal
and the fourth metal I's selected fromthe group consisting of vana Ium
iron, nickel, mangagwse,coopiaigt of aon.i moiey aeumi xhigméwn, tasgasofe. cobalt,

germanium, tin, bismuth, molybdenum, antimony, vanadium and mixtures

cobal t, germanium tin,

thereof;

{e)} acomposition which comprises at least one zeolite having a pore size ranging
from about 3 to about 7.2 Angstroms and a Si0O; to Al,O3 molar ratio of less
than about 500 and at least Ippm of a noble metal compound selected from
the group consisting of Pt, Pd, RhIr, Os, Ru, Re and ngixtures thereof,
wherein the zeolite is optionally stabitized with a metal selected from the
group consisting of Groups [IA, HIB, IVB, 1B, VB, VIB, VIIB, VIii, IIB,
HIA, IVA, VA, and the Lanthanide Series of the Periodic Table, Ag and
mixiures thereof;

(f) a composition which comprises a copper containing zeolite and at least 0.1
ppm of a noble metal compound selected from the group consisting of Pt, Pd,

Rh, Ir, Os, Ry, Re and mixtures thereof;

(g} composition comprising from about 25 to 80 wit% ZSM-5 and at least 0.1 ppm
of a noble metal compound selected from the group consisting of Pt, Pd,

Rh, Ir, Os, Ru, Re and mixtures thereof, wherein the zeolite i3 optionaliy
bound with a binder material selected from the group consisting of silica,
alumina, alumina-phosphate and mixtures thereof, to obtain microspheres
appropriate for use in a FCC unit under FCC conditions,

(h) a zinc based catalyst and at least 0.1 ppm of a noble metal compound selected
from the group consisting of Pt, Pd, Rh, Ir, Os, Ru, Re and mixtures

thereof ;
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22. The process of Claim 19 wherein the reduced nitrogen species conmponent
(ii1) is conposition (f) and the copper is present as Ca netal or 1ions in an
anount equivalent to at |east one half nole of CuO for each nole of alum na
in the zeolite. 23, The process of Caim22 wherein the zeolite of the
reduced nitrogen species conponent (ii) has the crystal structure of a.
zeolite selected from ite grout, consisting ZSM5, ZSM1 i, ZSM 12, ZSM 22,
ZS.v1-23, ZSM 35, ZSM38, ZSM 48, nordenite, dealum nated Y or Zeolite Beta.
24. The process of Claim 19 wherein the reduced nitrogen species conmponent
(ii) is conposition (e) and the zeolite is selected fromthe group

consi sting of f er(ﬁ)‘ ek lﬁlﬁtﬁﬂo@%é’_ﬁ NESMdudtioDaidaive Wa‘(l%abtr@[ %ﬁ' $18 notCM 56,
Zeolitc-L, zeolite Rho, errionite, chabazite, clinoptilolite, MCM 22,

MOM 35, MOM 61, Of f Pt eempound pegpiabiron dag exglp goomistim ofz SiPagkh. 1sfip.35,

ZSM 57, ZSM 61, ZK- {y RNashd hunBek thdbdr: 1, SSZ-35, SSZ: 48, SSZ-44, SSZ-23,
Dachi ardl te, Merlinoite, Lovdarite, Levyne Launontite, Epistilbi te
Grelonite. G snoidrperovedisepingl NO, rehebrn additive andiat Jasbtt @1 pPawef mthie,

Goosecreekite, Natrglifte, F {?(_{;EQCH AL SN Eémtt}tfbe%rgﬁg cdxoléxgtfﬁx?g{ &eél\/@?ll%gt l??ear e

ferrierite, ZSM5, ZSM 69 MCM 4 olite-L,
zeolite Rho, erri onRUeRe @ﬁamamrttseheretﬁj i nopt| I olite, MCM 22, MCM 35,

fr e.t It €, A’ ZS(’;@%; h??l%taﬁglét(}é{d? st tp()%l )%(SJBOH %§5‘ Q)r Ocenslst’)* Oaf DO%& 1"(16151119

wherein the redu eci es one corrpo ition (n) and
the nmetal of the Gcmppo\,{hdi belaﬁdaﬂromd)elgzi@plcﬁmﬁ‘ﬂmgtohel’tnmalh ofO4, Re, f@oup 111B

netal oxide is La and, the rret kal i ne earth. oxi de
is Sr. 26. The proc%%ds TYEESS at eﬁ%fu&'ﬁh%ﬁ@%ﬁ‘ﬁr Cgﬁl‘“ﬁ@t F%‘E‘B‘\’Fgﬁnnaptlol’? crackl ng
catalyst from sai d conragiy Rdiesd @Pe and darBahdtilChing 1886 dne abadiy@t mbhl a
regeneration zone t? reg nerate said catalyst. 27. The process of Caim]l
wherein the cracki na: ifdy rygatt hg goymaf won, nickel, titanium, chromiwm, manganese,

cobalt, germanium, tin, bismuth, molybdenum, antimony, vanadium and
mixtures thereof)

{1) oxides of Mg-Al and Cu, and optionally Ce, and at least 0.1 ppm of a noble
metal compound selected from the group consisting of Pt, Pd, Rh, Ir, Os
Ru, Re and mixtures thereof; )

(m) a NOy reduction composition which comprises (i) an acidic metal oxide, (ii}
cerium oxide, (i) a lanthanide oxide other than ceria, (iv) optionally, at least
one oxide of a transition meta! selected from Groups IB and [IB of the
Periodic Table, and mixtures thereof, and {v)} and at least one roble metal
selected from the group comsisting of Pt, Pd, Rh, Ir, Os, Ru, Re and
mixtures thereof

(n) a composition which comprises at least one Group VIII transition metal
oxide, at least one Group IIIB metal oxide, at least one Group [IA alkaline
earth metal oxide, optionally, microspheroidal alumina, and at least 0.1ppm
of a noble metal compound selected from the group consisting of Pt, Pd,

Rh, Ir, Os, Ry, Re and mixtures thereof, and

{0) mixtures thereof.

20. The process of Claim 19 wherein the reduced nitrogen

species component (ii) is composition ( ¢ ) and the transition metal is selected
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particul ate NO,, reduction conposition are fluidized during contacting said
hydr ocar bon feedstock. 28. The process of Caiml wherein the particul ate
NO, reduction conposition has a nean particle size fromabout 50 to about
200 m '29. The process of Claim28 wherein the particulate NO reduction
conposition has a nmean particle size fromabout 55 to about 150 pam 30. The
process of Claim| wherein the particulate NO reduction conposition has a
Davi son attrition index (D) value of less than 50. 31. The process of Caim
30 wherein the particulate NO reduction conposition has a D value of |ess
than 20. 32. The process of Caim31 wherein the particulate NQ reduction
conposi tion has ardak theadroip ms;bmiﬂhm a5 Mnl Be 330, NiNEr, p¥H0 085 $IF0W, @luai m 7
wherein the NO reduction. co ) on is present in an anmount of at | east
0.01 wt % of the (c%tiaﬁv&mt ngﬁ‘tf 34. The process of Claim 33 wherein the
NO, reduction conposition is present in an armunt of at least 0.05 wt % of
the catal yst jnventory. 35. The rocess of  Cl.aim 34 wherein the NO
reduction co?’r{)osi tion is presenth§ AOsEs REGUHE OF Whereiethgtregneed WUIOEDE t he

catal yst invent 0r#emé@omﬂaﬁe&r(f?)cﬁ%%m%sngna('d th\é’flﬁﬁtexhaaft@% e G&Apetion
conposition is present in an anmount of east 0.0 t he cat al yst

conposi tion. 37. ITFﬁé ipAbdlsthird el & shlzet q}%ﬁéf@erﬁﬂ? H@Tmmta?se’@é@t feash one
conposi tion i g g Q{F‘?ﬁe?mauhﬁn@o?ﬂ%%ghﬁ,m&g A fémsﬁletgﬁ]gls&te%i m ttﬁ%e%r&?;} al yst

conposi tion. he process of" C 1 37 Wwherein
conposition is poeseng df rvasatiwmounn nokelanadgeast, @balt,wintidony artmhanma’cal yst
conposition, 39. . The process of Claiml wherein the NO reduction conponent

thereof!
(i) and the reduced nitrogen species conponent (ii) are present in the NO
reduction conposition in a ratio of 0.02 to 50. ‘

22 The process of Claim 19 wherein the reduced nitrogen.
species component (i) is composition () and the copper is present as Cu metal or
ions in an amount equivalent to at least one half mole of CuO for each

mole of alumina in the zeolite,

23. The process of Claim 22 wherein the zeolite of the reduced
mitrogen species component (11) has the crystal structure of 2 zeolite selected from
the group consisting ZSM-S, ZSM-11, ZSM—lZﬁ Z5M-22, Z8M-23, Z8M-35,
Z5M-38, ZSM-48, mordenite, dealuminaied Y or Zeolite Beta.

24. The process of Claim 19 wherein the reduced nitrogen
species component (i) is composition (e) and the zeolite s selected from the
group consisting of ferrierite, ZSM-5, ZS8M-11, beta, MCM-49, mordenite,
MCM-56, Zeolite-L, zeolite Rho, errionite, chabazite, clinoptilolite, MCM-22,
MCM-35, MCM-61, Offretite, A, ZSM-12, Z8M-23, Z8M-18, ZSM-22, ZSM-35,
ZSM-57, ZSM-61, ZK-5, Nal, Nu-87, Cit-1, §SZ-35, $87-48, S87-44, S87.-23,
Dachiardite, Merlinoite, Lovdarite, Levyne, Laumontite, Epistilbite, Gmelonite,
Gismondine, Cancrinite, Brewsterite, Stilbite, Paulingite, Goosecreekite, Natrolite

and mixtures thercof. Preferred zeolites are ferrierite, ZSM-5, Z8M-11, bets,

69



40. The process of Claim 39 wherein the NO reduction conponent (i) and the
reduced nitrogen species conponent (ii) are present in the NO reduction
conposition in a ratio of 0.1 to 10. 41. The process of C aim 40 wherein the
NO, reduction component (i) and the reduced nitrogen species conponent (ii)
are present in the NOx reduction conpositionin aratioof 0.2 to 5.0. 71
42. The process of Caimi wherein at | east one of the NO reduction
conponent (i) and the reduced nitrogen species conponent of the NOX
reduction conposition (ii) is contacted with the FCC cracking catal yst

inventory as a, -ate parti gd e and t her. conp
i ncorporated as* Eﬁ‘%@{ “ntBYFEr e m%ﬁ nti‘?ﬂ’%tctlhezeé)ﬁl?c i%%ﬂ’g SRRPAY: y&agaz‘ft?’
clinoptilolite, MCM-22, MCM-335, Offretite, A, ZSM-12 and mixtures thereof.

25. + The process of Claim 19 wherein the reduced nitrogen
species component (ii} is composition (n) and the metal of the Group VI metal
oxide is Co, the metal of the Group IIIB metal oxide is La and the metal of the

Group lA alkaline earth metal oxide is Sr.

26. i The process of Claim | further comprising recovering the cracking
catalyst from said contacting step and treating the wsed catalyst in a regeneration

zone to regenerate said catalyst.

27. The process of Claim 1 wherein the cracking catalyst and the
particulate NO, reduction composition are fluidized during contacting said
hydrocarbon feedstock.

28. The process of Claim 1 wherein the particulate NOy reduction
composition has a mean particle size from about 50 to about 200 pym.

29. The process of Claim 28 wherein the particulate NOy reduction

composition has a mean particle size from about 55 to about 150 pm.

30. The process of Claim 1 wherein the particulate NO, reduction

composition has a Davison attrition index (DI) value of less than 50.

31 The process of Claim 30 wherein the particulate NOy reduction

composition has a DI value of less than 20.

32. The process of Claim 3! wherein the particulate NOy reduction

composition has a DI value of less than 15.
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33.

34.

36.

37.

39.

40.

41,

The process of Claim 7 wherein the NO, reduction composition is

present in an amount of at least 0.01 wt % of the catalyst inventory.

The process of Claim 33 wherein the NO, reduction composition is

present in an amount of at least 6.05 wt % of the catalyst inventory.

The process of Claim 34 wherein the NOy reduction composition is

present in an amount of at least 0.1 wt % of the catalyst inventory.

The process of Claim 9. wherein the NO, reduction composition is

present in an amount of at least 0.01 wt % of the catalyst composition.

The process of Claim 36 wherein the NOy reduction composition is

present in an amount of at least (.05 wt %o of the catalyst composition.

The process of Claim 37 wherein the NO, reduction composition is

present in an amount of at least 0.1 wt % of the catalyst composition.

The process of Claim 1 wherein the NO, reduction
component (i) and the reduced nitrogen species component (ii) are present in the

N, reduction composition in a ratio of 0.02 to 50.

The process of Claim 39 wherein the NO, reduction
component (1) and the reduced nitrogen species component (ii) are present in the

NO, reduction composition in a ratio of 0.1 to 10.

The process of Claim 40 wherein the NO, reduction
component (i) and the reduced nitrogen species component (ii) are present in the

NO, reduction composition in a ratio of 0.2 10 5.0,



The process of Claim 1 whefein at least one of the NO,
reduction-component (i) and the reduced nitrogen species component of the NO,
reduction composition (il) is contacted with the FCC cracking catalyst inventory
as a separate particle additive and the other component is incorporated as an

integral component of the cracking catalyst.
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